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In  the  preparation  of  this  volmiK^  \i  Uua  lK*en  \hp  aiithnr's 
t^  pres<?nt,  in  a  maimer  suitable  far  rc-jifjy  rpf('rpni!f",  thr^ 
nt  status  of  fircv-rtwistance  as  applieil  to  buikiinKs,  inrlurliiig 
►t  only  many  details  of  troiist ruction  which,  it  is  hojMHl,  will 
>ve  of  practical  value  to  arrhitt'-t^ts,  constmctioni«Ls  and  un- 
ters,  but  also  t^ose  preventivf!  meaiivH  and  those  brmid 
iples  of  scientific  fire-protective  deii<ign,  vvitliout  which  con- 
ive  details  are  often  of  hltle  avad.  Numeroui*  t-est^  of 
ials  and  devices,  and  many  descriptions  of  past  ex]>erience« 
value  hav^e  also  been  addeii,  in  some  cletail^  for  the  l>pnefit  of 
udents  or  those  wishing  to  make  a  more  coriiplete  study  of  the 
ibject. 

In  the  past  too  much  »trom  has  been  laid  upjon  construct  inn 
[y,   and  fire-resistance  has  Ux)   oft(?n  been   confounded   witli 
iD-cornbustibility.     Fire-resistaiitve  worthy  of  the  apixdlatiou 
lUst  embrace,  first,  propjer  planning  or  dentgn,  which  is  the  fire- 
ft.ective  feature  of  pai"amount  importance  in  theatres,  schools, 
second,    construction;   and   last,    but  by  no  means  least, 
liary  equipment  U>  safe(<uiird  both  the  construction  etnployed 
ri  the  contents  of  the  ritruc^ture.     Without  any  one  of  theae 
ntialB  of  tire  protection,  the  lire-resisting  (lualities  of  a  build- 
are  ipiesl  ionabie,  to  say  the  lea^^t. 
Tlie  criticism  may  be  made  that  greater  strc^ss  shoidd  be  latil 
tpoQ  a  belter  ai*erage  of  building  construction  rather  than  ui>on 
li  staiidanb  of  detail   in  individual  units.     The   dif^tinction 
in>uld  be  that  a  good  average  would  (end  to  diminish  conflagra- 
but,  uidess  speciid  attention  be  ptdd  to  the  dr*tails  which 
constitute  the  cnicial  weaknesses  in  case  of  fire,  separate 
iilcliDgs  would  Mt  ill  be  subject  to  great  damage  and  loss  of  hfe. 
Many   quota.tion.s  are.  given,   taken  from   reports  and  otljex 
•tnirc^,  in  order  to  show  ih(^  besi  present-day  opinion  of  those 
fire  protectionifltd  who  liave  had  unusual  ojiport unities  for  ob- 
•erving  the  follies  of  past  experience.     The  author  would  grate- 
fully acknuwiedge  his  indebtedness  to  those  authorities,  tta  vje^ 
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as  his  obligations  to  Mr.  Edward  R.  Hardy,  of  the  New  Yor 
Fire  Insurance  Exchange,  for  much  help  in  connection  wit 
Chapter  III,  Insurance,  —  to  Mr.  C.  H.  BlackaU,  architect,  fa 
criticism  and  advice  in  regard  to  Chapter  XXII,  Theatres,  — 
to  Mr.  R.  Clipston  Sturgis,  architect,  for  criticism  and  su^ 
gestions  regarding  the  planning  and  construction  of  SchooL 
Chapter  XXIII,  —  to  Mr.  Charles  T.  Main,  mill  engineer,  fo 
criticism  and  assistance  in  regard  to  Factories,  Chapter  XXV,  — 
to  Mr.  L.  H.  Kunhardt,  Vice  President  and  Engineer  of  th< 
Boston  Manufacturers*  Mutual  Fire  Insurance  Co.,  for  sug 
gestions  and  criticism  in  connection  with  Automatic  Sprinklers 
especially  Chapters  XXX  and  XXXVI,  —  to  Mr.  Geo.  H 
Bowen,  Superintendent  of  the  Boston  Automatic  Fire  Alarm 
Co.,  for  information  and  criticism  respecting  Chapter  XXXI, 
Automatic  Fire  Alarms,  —  to  Mr.  Ralph  Sweetland,  of  the  New 
England  Fire  Insurance  Exchange,  for  information  concerning 
Watchmen  and  Watch-clocks,  etc.,  in  Chapter  XXXIII,  —  to 
Mr.  R.  H.  Newbem,  Superintendent  of  the  Insurance  Depart- 
ment of  the  Pennsylvania  Railroad,  for  permission  to  quote  his 
valuable  discussion  of  Private  Fire  Departments  and  Fire  Drills 
in  Chapters  XXXV  and  XXXVII,  —  to  Mr.  John  R.  Freemai 
for  permission  to  quote  extensively  from  his  "On  the  Safeguard- 
ing of  Life  in  Theatres  "  and  to  reproduce  therefrom  his  plans  o! 
a  model  theatre,  —  to  Mr.  F.  D.  Jackson,  of  the  Hecla  Iroi 
Works,  Brooklyn,  N.  Y.,  for  many  photographs  of  windows 
stairs,  elevator  enclosures,  etc.,  used  in  Chapters  XIV,  XT 
and  XVI  —  and  to  Mr.  W.  E.  Mallalieu,  Greneral  Agent  of  th 
National  Board  of  Fire  Underwriters,  for  many  courtesies. 

J.  K.  F. 
Boston,  April,  1912. 
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FIRE    PREVENTION   AND 
FIEE  '  PROTECTION 


CHAPTER  I 


FIBE  LOSSES. 


attempting  any  systematic  study  of  "fire  prevention"  and 

I  protection,"  certain  broad  but  indisputable  facts  must  he 

iy  borne  in  mind  for  a  rigtit  understanding  of  the  tremendous 

Rportancc  of  the  subject  to  this  country  at  the  prasent  time, 

fid  of  the  imperative  need  of  an  entirely  different  natiuiUit  view 

the  fire  problem,     II  will  therc^fore  be  the  object  of  Part  I  of 

volume,  comprising  Chapters  I,  11^  II J,  and  IV,  to  show 

icksively : 

;»  That  the  amiu^il  fire  lomQs  m  the  United  States  have 
ihed  proportions  8o  alarming  as  to  make  this  question  one 
the  most  vital  problems  before  the  American  people  today. 
That  our  arinuiil  fire  waste  resulting  fn>m  the  burning  of 
ildings  and  contented,  addeil  la  the  wide-spread  destruction 
our  fore*st8  by  fire^  is  undoubteflly  the  greatf^sl  nhfttacle  to  be 
!ftfome  by  those  who  believe  in  any  rational  plan  for  the 
«erv'ation  of  our  national  rci+ource^s. 

I  That  Kucli  lo8«es  in  buildings  and  contents  can  be  very 
Iterially  reduced,  as  is  clearly  shown  by  the  exfx^rience  of  those 
impean  nations  who  have  attacked  tlie  problem  at  its  proper 


That  the  people  of  the  United  States  have  heretofore 
ti,  for  immunity  from  the  danger  of  fire  losses,  upfjn  elaborate 
d  expensive  systems  of  ''fire  fighting,"  viz.,  our  very  efficient 
>an  (if  very  deficient  subtirban)  Ere  departments. 

That  Buch  city  fire  departments,  while  probably  the  best 
the  world  in  l-»oth  apjiaratus  and  ptrHonnd^  are  not  preventing 
steady  growth  of  our  losses  by  fire. 
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2  FIRE   PREVENTION   AND   FIRE   PROTECTION 

6.  That  insurance  is  not  the  solution  of  the  problem,  I 
that,  on  the  other  hand,  the  very  institution  or  business  of 
insurance  is  threatened  with  extinction  unless  radical  chan 
are  soon  brought  about  in  the  building  of  our  large  cities. 

7.  That  "slow-burning  construction"  or  "mill  const ructioi 
while  neither  ideal  nor  equal  to  fire-resisting  construction, 
admirable  under  limitations  of  cost  and  adaptability,  especia 
if  used  with  auxiliary  equipment;  but  that  the  differences 
cost  between  mill  construction  and  thoroughly  fire-resisting  c( 
struction  are  fast  disappearing,  and  that  by  the  time  the  lat 
becomes  at  all  universal,  the  former  will  undoubtedly  cost  qu 
as  much  as  more  efficient  methods. 

8.  That  the  only  possible  solution  of  our  national  fire  wa 
resulting  from  the  burning  of  buildings  and  contents  (forest  fi 
being  without  the  scope  of  this  treatise),  lies  in  the  univer 
adoption  of  "fire  prevention '^  and  "fire  protection,"  —  as  1 
been  so  successfully  done  in  Europe,  —  embracing  precautioni 
measures  to  prevent  fires,  and  adequate  handling  of  incipi( 
fires,  i.e.f  the  confining  and  control  of  fires  independent 
departmental  work  so  as  to  reduce  losses  to  a  minimum. 

Annual  Fire  Losses  In  the  United  States.  —  The  follow 
table  gives  the  aggregate  property  and  insurance  losses  in 
United  States  for  the  years  1875  to  1909  inclusive,  as  compi 
by  the  National  Board  of  Fire  Underwriters. 


Year 

Aggregate  insurance  lo 

1875 

$78,102,285 

$39,327,400 

1876 

64,630,600 

34,374,500 

1877 

68,265,800 

37,398,900 

1878 

64,315,900 

36,575,900 

1879 

77,703,700 

44,464,700 

1880 

74,643,400 

42,525,000 

1881 

81,280,900 

44,641,900 

1882 

84,505,024 

48,875,131 

1883 

100,149,228 

54,808,664 

1884 

110,008,611 

60,679,818 

1885 

102,818,796 

57,430,709 

1886 

104,924,750 

60,506,564 

1887 

120,283,055 

69,659,508 

1888 

110,885,665 

63,965,724 

1889 

123,046,833 

73,679,465 

1890 

108,993,792 

65,015,465 

^^^^^^^^FIRE   LOSSES^^^^^^^^^^^^^I 

Ymt 

Aggregiite  property  ]oa6 

AgjErcgftte  lOBunmce  loea                  1 

1891 

1892 

1893 

1834            ' 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1002 

1903 

1904 

19<>5 

1906 

1907 

1908 

1909 

$143,764,967 
151,516,998 
167,544,370 
140,096,484          1 
142,110,233 
118,737,420 
116,354,570 
130,593,905 
153,597.839 
160,929,805 
165,817,810 
161,078,040 
145,302,155 
229,198,050 
lf>5,221,a50 
518,611,800 
215,084,709 
217,8S5,850 
188,705,150 

$90,576,918                ^J 

93,511,936              ^M 

105,994,577              ^H 

89.574,699               ^H 

84,689,030              ^H 

73,903,800              ^H 

66,722,145               ^M 

73,796,080              ^H 

92,683,715              ^H 

95,403, (}50              ^H 

100,798,645              ^H 

94,460,525              ^H 

92,599,.881               ^H 

127,690.424              ^H 

103.805,402              ^H 

230,842,759              ^H 

117,433,427              ^M 

135,547,162              ^H 

126,171,492              ^^ 

Total 1      $4,904,619,235 

1 

$2,830,135,615                     1 

le  total  value  of  property  in  the  United  States  which  has 
1  destroyed  by  fire  during  the  thirty-five  years  t^nimierated 
he  above  table,  amounts  to  almost  85,000,000,000,  and  as 
mtiunt  practically  equal  to  the  fire  loss  must  also  be  charged 
irexniumts  piiid  and  to  the  maintenance  of  fire  protection,  — 
riH  be  pointed  out  in  more  detail  in  a  later  paragraph,  —  a 
Id  total  of  $10,000,000,0<X>  results  a^  the  fire  tax  on  the 
Dn  for  thirty-five  years. 
■Mase  In  Las^s,  Year  by  Year. — The  steady  yearly 
^H^in  our  fire  lonaefi  is  plainly  8ho\>Ti  by  the  above  table, 
aging  the  above  losses  by  decades,  it  appears  tliat,  in  the      ^^| 
ttiLies,  the  actual  yearly  loss  was  about  I70,000,000>  in  the      ^^| 
tics,  alxmt  ?  100, 01*0,000,  in  the  nineties,  about  $137,000,000, 
from    VM)  Ui    1909   inclusive,   about  1217,000,000.     The 
tr  average  for  the  years  1900  to  1909  was,  of  course,  greatly 
Bieotcd  by  the  stupendous  lueses  of  the  year  1906,  including, 
bey  did*  the  losses  of  the  San  Frauciseo  conflagration;  but 
Hiiojia  are  so  favorable  for  like  conflagrations  in  many  of 
large  cjtiea  that  the  experience  and  lossea  of  1906  may  nut 
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be  con^dered  altogether  phenomenal,  but  rather  liable  to  diq 
lication  at  any  time. 

What  these  Losses  Mean.  —  As  it  is  difficult,  from  a  bar 
tabulation  of  figures,  adequately  to  realize  what  these  fire  loflM 
mean  to  even  as  prosperous  a  nation  as  our  own,  a  few  compaii 
sons  will  be  made  with  figures  more  generally  Jmown,  so  as  t 
bring  the  matter  home  in  a  more  forcible  manner." 

The  total  fire  loss  for  the  past  thirty-five  years  has  alread 
been  given  as  $4,904,619,235.  The  national  debt  of  the  Unite 
States,,  at  the  highest  point  ever  reached,  on  July  1,  186( 
amounted  to  $2,733,236,173. 

The  annual  ten-year  average  fire  loss  up  to  the  end  of  19C 
compares  as  follows  with  the  Uke  averages  of  the  items  giv« 
below:* 


m 

37 

37 

78 

79 

122 

141 

152 

156 

157 

165 

!80 

242 
e4S 


U,  S.  ^ovt.f  total  receipta .............. 

Net  earnings,  railways  in  U.  S.  .*.,.,,. , 

U,  B,  govt,,  total  ordinary  expenditures , 

U.  S.  internal  revenue  receipts. ......... 

U.  S.  customs  receipts ...... 

Dividerids  paid  by  railways  in  U.  S.  * . , , , 

U.  S.  pensions 

U.  S.  poat-office  receipts. 

Commercial  failures  in  U.  S.,  liabilitiea. 

tl,  8.  war-department  expenditures. . . . . . 

Fire  insurance  loss  payments,  .......... 

(U.  S.  gold  production     {  ,^»«i^„  ^^u.^ 
!  U.  S.  silver  production  f  ^^'"^"«  ^^^^^^ ' 

U.  S,  navy  expenditures , . . 

Interest  on  U.  S»  national  debt ........ 


1554,390,23 
542,274,76 
532,01S,11 
253,400,16 
252,359,63 
lb2,124,.^>i 
140,861,16 
130,201,92 
126,646,38 
126,4a5,7a 
120,332,  Ifl 

109,805,43 

81,871,(>^ 
30,568,00 


The  fire  losses  for  the  year  1907  are  thus  summarized  in  Bi 
letin  No.  418  of  the  United  States  Geological  Survey. 

"The  investigation  disclosed  the  fact  that  the  total  cost 
fires  in  the  United  States  in  1907  amounted  to  almost  one-hf 
the  cost  of  new  buildings  constructed  in  the  country  for  tl 
year.  The  total  cost  of  the  fires,  excluding  that  of  forest  fir 
and  marine  losses,  but  including  excess  cost  of  fire  protecti< 
due  to  bad  construction,  and  excess  premiums  over  insuran 
paid,  amounted  to  over  $456,485,000,  a  tax  on  the  people  excee 
ing  the  total  value  of  the  gold,  silver,  copper,  and  petroleu 

*  Mr.  Powell  Evana  in  Journal  of  Fire,  June,  1908. 


ITS  the  Unitefl  States  in  that  year.  The  *^oHt  of  hiiihl- 
Ction  in  forty-nine  ieatJing  citira  of  Uie  Uiiiti^d  Htatcs 
ktotal  ix>pulatioii  of  Iqhs  than  lrS,OtH),000  aranunted^ 
t  $661 ,076,286,  and  the  t^ost  of  hitilding  eorjHtnif'tion 
country  in  the  narae  year  [a  thorefure  conwrvu- 
at  $l,(XK),000,n{JO.  Thus  it  svill  be  seen  that 
the  value  of  all  the  new  buildings  constructed 
fyear  is  destroyed  by  fire-  .  .  ,  Thin  fire  cost,  was 
the  value  of  the  real  pm|K*rty  and  irnprovementH 
J  of  the  following  states:  Maine,  West  Virginia,  Nortii 
North   Dakota,  South  Dakota,  Ahibama,   Louitsiatm^ 


>ok  at  the  matter  in  another  way,  it  has  been  estimated 
3um  up  during  every  ^'aormal"  w(K?k  of  the  year, 

!3  puljlie  halls,  12  churches,  10  schools,  2  hospital, 
2  coHeges,  (i  apartment  houst^,  3  departm(mt  stores, 
hotels,  140  flats  aod  stores,  and  1000  homes.  Tlie 
for  the  year  1907  shows  that  losses  of  Hfe  or  projjerty 
n  165,250  buildings,  the  average  damage  to  each  build- 
j  contents  l>eing  11667,  alxiut  one-half  of  which  appHed 
lUdings  tbernselv^es,  and  the  other  half  to  furniture, 

E,  or  other  contents, 
raphic  mental  picture  of  the-se  fire  losses  was  given 
Imrles  Whiting  Baker,  editor  of  "Engineering  News,^' 
dress   before   the   National   Engineering  Societies  on 
yion   of    Natural    Resources,"    March    24,    1909,    as 

se  we  try  to  picture  to  ourselves  what  these  many 
►f  dollars'  worth  of  valuable  buildingH  in  which  fire 
rages  would  look  like.  Suppose  it  were  pfitwible  to 
ie  buildings  which  were  visited  by  fire  in  1907  all  to- 
ri to  range  them  on  Iwith  sides  of  a  long  city  street, 
ice  these  buildings  eloB(?Iy  together,  as  they  might  be 
an  onlinary  street  in  a  fair-sized  city.  We  will  assume 
lots  on  which  these  buildings  stand  have  an  average 
*f  65  feet.  .  .  .  This  street,  lined  on  both  sides  with  the 

5sited  by  fire  in  1907,  would  reach  all  the  way  from 
^to  Chicago.  That  is  what  the  annual  fire  loss  of  the 
represents  ^a  closely  built-up  street,  a  thousand 

f^Wtth  every  structure  in  it  ravaged  by  the  destructive 
Picture  yourself  driving  along  this  terribly  deao\iiNjej4| 
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street.  At  every  thousand  feet  you  pass  the  ruins  of  a  bulk 
ing  from  which  an  injured  person  was  rescued.  Every  thr« 
quarters  of  a  mile  there  is  the  blackened  wreck  of  a  house  i 
which  some  one  was  burned  to  death. 

"  Imagine  this  street  before  the  fire  touched  it,  lined  wit 
houses,  stores,  factories,  bams,  schools,  churches.  Suppose  th 
fire  starts  at  one  end  of  the  street  on  the  first  day  of  January  an 
is  steadily  driven  forward  by  a  high  wind,  just  as  actually  happen 
in  a  conflagration.  Building  after  building  takes  fire;  and  whil 
the  fire  fighters  save  some  in  a  more  or  less  injured  conditi(H 
the  fire  steadily  eats  its  way  forward  at  the  rate  of  nearly  thw 
miles  a  day,  for  a  whole  week,  for  a  whole  month,  for  all  tl 
twelve  months  of  the  year.  And  at  the  end  of  1907  did  the  coi 
flagration  end?  No;  it  began  on  a  new  street,  a  thousand  mil< 
long,  which  was  Hkewise  destroyed  when  1908  was  ended.  Ad 
this  same  destruction  is  going  on  today." 

Conflagrations,  or  fires  involving  several  or  many  building 
have  been  common  to  nearly  all  large  cities  in  whatever  countr 
but  no  nation  has  established  such  an  unenviable  record  as  h 
the  United  States. 

From  the  statistics  of  David  D.  Dana,  pubUshed  in  Bost( 
in  1858,  it  appears  that  "large  or  conflagration  fires"  in  tl 
United  States  from  1800  to  1858,  thus  practically  embracii 
the  first  half  of  the  nineteenth  century,  involved  a  loss 
$191,000,000.  These  fires  ranged  from  a  few  with  losses  as  Ic 
as  $20,000,  to  the  fire  in  New  York  City  in  1835  where  the  Ic 
was  $17,000,000. 

For  practically  the  latter  half  of  the  same  century,  or,  exact) 
from  1866  to  1909  inclusive,  the  statistics  published  by  t! 
National  Board  of  Fire  Underwriters  show  a  total  loss  from  co 
flagrations,  or  fires  exceeding  a  loss  of  $500,000,  of  $983,234,12 
This  includes  the  San  Francisco  loss  of  1906.  It  is  worthy 
note  that,  while  the  minimum  loss  enumerated  by  the  Natior 
Board  is  twenty-five  times  greater  than  the  minimum  loss  i 
eluded  by  Dana,  still  the  total  loss  in  the  second  half  of  t 
century  is  over  five  times  that  of  the  first  half.  Also,  the  fi] 
half  of  the  century  witnessed  26  fires  equalling  or  exceed! 
$1,000,000  loss,  as  compared  with  nearly  150  such  fires  in  t 
second  half. 

A  few  of  the  more  notable  conflagrations  in  the  United  Sta 
juay  be  listed  as  follows: 
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Savannah ,  Gl  . . , , . 

N«w  York  City 

Charleston,  S,  C 

New  York  City 

Now  York  City.  ... 
Pjir^burgh,  Pa. .  ... 

8t.  LouiA,  Mq>.  - . 

Philadelphia*  Pa,.... 
Hjin  FrancisRO,  CflL 

New  Orl(!i)iia,  La 

Portland.  Me    ...... 

Chicago,  III* ,, 

Boston p  Maaa.* •,.... 

Now  York  City 

New  York  City...., 

New  York  City 

New  York  City,..,, 
New  York  City. . . . . 

Seattle,  Wash........ 

SpokMW,  Wuh...... 

BoetOD,  Warn. , 

hyoMt  Hue. . . , 

N«w  York  City. , . . , 
N#w  Orleaoa^  La.  . . . 
Now  Drleana,  1ji.  ,  „ . 
MLlw&ukeei  Wis., . . . . 

Bcwtcja,  Mnaai. , 

Boeiodi,  Afaas... . ... . 

ChicaKP,  III ,,. 

Plttflbur^h,  Pa....... 

Htubanjh,  Pia.. 

Terre  Haute.  lad, . . . 

Pbilftdelphin,  Fa 

Bayonne^  N.  J.. .... . 

HdHokeo>  N,  J...... 

Jackiwnville,  Fla. .    . 
Wal  ftrbury,  Coaa. , , . 
Pflteraon,  N.  J,, ... .. 

Cinciaaati,  Ohio. . . . , 

Baltimore,  Md.f.... . 

Rocheflter,  N.  Y 

Saa  Fraaeiscso,  Cal.  % 
Chttlseat  Maaa.  §,„.. 
Atlaata,  Qa.......... 


4,f]00,{M)0 
3«000,{)00 

3.000,000 
lJflO.000 

a.sQo.ooa 

ftpOQO,000 
10,000,000 

ias.oao»ooa 

70.000,000 
1,750,000 
], 300,^000 
2.000,000 
1440,000 
1.000,000 
5.000,000 

*,soo,ooo 

8.000,000 
5,000,000 
1,560,000 

i,iO((,nflo 

1,400.0(X) 
5,000.000 

i^030,a(J0 

3,000,000 
1J50.000 
2,000.000 
1.100,000 
1.85f»,0OO 
3,000,000 
l,i40.000 
5,^'tOO.OOO 
1 1,{K}0,(X» 
l.^TO.OOO 
S,fi(J(},000 

i,5on,(xw 

4CKf«Xi.iH>0 
3. 200,  WW 

3,w,of»rj,oon 

i2,ooo,mo 

l,25fM><KI 


\  square  miles  of  buildings  destroyed,  56  insurance  companies  rendered 

■nt. 

15  acres  laid  waste. 

evasted  140  acres  including  1343  buildings. 

arthquake  and  fire  loss,  3000  acres  destroyed,  involving  520  city  blocks. 

buildings  destroyed,  only  3000  of  which  were  brick  or  stone. 

100  buildings,  covering  275  acres,  destroyed. 


;  comparative  areas  of  the  Chicago,  Baltimore,  and  San 
isco  conflagrations  are  illustrated  in  Fig.  1. 

causes  or  combinations  of  circumstances  making  such 
orations  possible  are  many.  All  large  cities  contain 
ies  which  are  pregnant  with  conflagration  possibilities, 
)al]y  due  to  the  rapid,  haphazard  growth  and  construction 


of  such  cities.     Largo  areaa  of  wooden  buildingB  nmy  exjet,  i 
in  San  Francisco;    or  a  large  store  or  warehouse,  stocked  1 
inflammable  goods,  inadequately  safe-guarded,  as  at  Baltii 
may  pro\ide  the  cause.     The  absence  of  fire  waUs^  shut  tec 


Three  Miles 


Fio.  1.  —  Comparative  Areas  of  Chicago,  Baltimore,  and  San  Franci 
CoDdagrations, 

window  protection  may  turn  an  ordinary  fire  into  one  of 
magnitude,  while  fiuch  circumHtances  as  low- water  presi 
delay  in  transmitting  alarm,  bad  judgment  or  disorgani^ 
of  the  fire  depart mentj  have  all  been  responsible  for  wide-sp! 
&res. 
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le  poeaible  menace  of  conflagrations  to  the  institution  of 
iusitranee,  provided  the  future  shows  any  such  ratio  of 
kcrcase  fis  has  been  demcjii^t  rated  in  the  pxst,  is  discussiHl  in 
JhaptcT  III. 

Cogt  of  Fire  Protectian  abowe  Aetuail  Fire  Loss.  —  In  Ihe 

atiatics  compileii  by  the  llnitod  States  ( Jeological  Survey  upon 

The  Kre  Tax  and  Waste  of  Structural  Materials  in  the  United 

ites,"*  a  careful  inquiry  was  made  into  the  additional  cost  of 

•e  prote<?tion  in  the  year  1907^  o\'er  and  above  the  actual  loss 

\'  fire.     The  indirert  losses  of  fire  proteetion  include  the  in- 

\m\ve  loss,  or  the  difference  between  the  total  prerniums  paid 

le  in  Jiu  ranee  companies  and  the  amount  a  paid  to  the  insurtd; 

annual  expense  of  that   pri>|:H)rtii>n  of  all  water  supplies 

totaaiiry  to  furnish  fire  protection  in  excess  of  8er\i<:c  estimated 

n«ceasary  for  domestic  consumption;   the  atmual  expense  of 

!  departments,  and  the  annual  expense  of  private  fire  pro- 

«tron. 

Tlie  results  of  this  inquirv^  are  embodied  in  the  following 

Thfese  direct  antl  indirect  losses  due  to  fires  and  lire  pro- 
dion  should  be  compared  with  the  table  given  in  paragrapli 
Frnancial  Iajss  Involved**  at  the  end  of  this  chapter* 
Pifrf  Capita  Fire  Tax,  —  Bulletin  No,  418  of  the  United 
tates  Geological  Survey  also  gives  the  following  statistics  OD 
e  per  capita  fire  tax  in  the  United  States  for  the  year  1907. 

2975  eitica  and  callages,  ,  , $2. 54 

The  rural  districts , .     12.49 

The  per  capita  loss  for  all  cities,  villages,  and  rural  districts 
torn  which  returns  were  received,  was  12.51,  or  a  tax  of  S15.00  a 
fur  (tn  the  head  of  every  fa  roily  of  six  persons.  A  comparison 
hii  the  existing  per  capita  taxes  in  European  countries  is  given 
ii  later  paragraph. 

Lo§«  of  Life  by  Fire.  —  Notable  examph^j^  t>f  burning  build- 
p  in  which  great  loss  of  life  occurred  j  include  the  Hot4l  Wind- 
in  New  York  City  in  1899;  the  Iroquois  Theater  in  Chicago, 
rued  Decemlx^r  30,  1903,  w^ith  a  loss  of  nearly  &)0  Ijtcs,  mostly 
lij<*o  and  ehildrtm;  the  Boyprtown,  Pa,,  opc^ra  house,  burned 
Miaiy  13,   1908,  and  costing  ahnost  200  lives;    the  fire  of 

•  BuUetit)  No.  418,  i:nited  States  Geological  Survey. 
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March  4,  1908,  in  the  schoolhouse  at  Collinwood,  Ohio,  where 
165  pupils  were  burned  or  killed;  and  the  Asch  Building  or 
Triangle  shirt-waist  factory  fire  in  New  York  City,  March  25, 
1911,  in  which  145  lives  were  lost. 

Accurate  statistics  of  deaths  by  fire  are  exceedingly  difficult 
to  obtain,  but  there  is  little  question  that  the  loss  of  life  by  fire 
in  the  United  States  has  grown  rapidly  of  late  years. 

During  the  year  1907,  according  to  information  gathered  by 
the  United  States  Geological  Survey,  fires  caused  the  death  of 
1449  persons  and  the  injury  of  5654.  These  figures  are  incom- 
plete and  perhaps  do  not  represent  more  than  half  the  persons 
who  were  victims  of  fire. 

Many  fire  chiefs  of  large  cities  failed  to  report  any  deaths 
because  such  were  not  properly  included  in  their  annual  reports. 
It  is  safe  to  assume  that  with  the  fire  losses  of  the  United  States 
from  five  to  seven  times  as  great  as  those  in  Europe,  the  number 
of  persons  killed  and  injured  here  is  from  five  to  seven  times 
greater  than  in  Europe.  The  cause  of  this  again,  in  many  in- 
stances, is  faulty  construction  of  buildings,  and  inappreciation  on 
the  part  of  cities  of  the  responsibility  to  safeguard  the  fives  of 
their  citizens,  or  ignorance  of  what  is  demanded  to  protect  against 
fire. 

A  somewhat  recent  report  by  United  States  Consul  Joseph  I. 
Brittain,  stationed  at  Prague,  Bohemia,  states  that  "there  has 
not  been  a  life  lost  in  consequence  of  a  fire  during  the  past  fifteen 
years  in  that  city  of  over  500,000  population,  and  the  loss  of 
property  from  fires  during  the  past  three  years  has  been  less  than 
$20,300  annually.'' 

ComparatlTe  Losses  In  United  States  and  Europe.  —  If 
our  enormous  fire  losses  were  absolutely  unavoidable,  specula- 
tion as  to  the  improvement  of  conditions  would  be  idle.  But 
that  such  property  losses  are  preventable  is  irrefutably  shown 
hy  comparing  statistics  of  fire  losses  in  the  United  States  and  in 
Europe. 

Rrst,  a  comparison  may  be  made  between  the  conservation 
exhibited  by  European  countries  and  the  reckless  waste  per- 
fiiitted  in  the  United  States.  From  special  reports  of  United 
States  Consuls  in  Europe,  it  has  been  shown  by  the  committee 
m  statistics  of  the  National  Board  of  Fire  Underwriters  that  the 
verage  per  capita  loss  in  six  European  countries  for  a  period 
ffive  years  was  $0.33^  distributed  as  follows: 
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Country. 


Yeara. 


Fire  lo98p 
flAQiial  average- 


FopulfitbutaOl. 


Lora 


Auatria- .  .* . 
Denmark. . , 

France 

Germany .  . . 
Italy.. ..... 

Bwitzerlojid 


1898-1902 

1901 

1900-1904 

1901-1904 
1901-1903 


%  7.601,389 

660,924 

11,699,275 

27,655.600 

4,112,723 

999,364 


26,15*1,597 
2,588,919 
38,595,500 
56.367,178 
32,449,754 
3,325,023 


10.29 
.26 
,30 
A% 
.12 
.30 


Official  fire  losses  in  the  states  of  Maine,  Massachusetts,  New 
Hampshire,  and  Ohio  for  a  period  of  five  years  were  as  follows: 


State. 

Five  years. 

Fire  loss 
average. 

Population. 

Loss 

per 

capita. 

Maine 

1901-05 
1901-05 
1901-05 
1901-05 

$2,240,158 
6,285,891 
1,174,061 
7,502,561 

$    694,647 

2,844,068 

411,588 

4,157,545 

$3.22 

Massachusetts 

New  Hampshire.... 
Ohio 

2.21 

2.85 
1.80 

giving  an  average  per  capita  loss  of  $2.12. 

The  total  per  capita  fire  loss  in  the  United  States  for  the  five 
years  ending  with  1907  was  $3.02,  or  nearly  ten  times  as  much 
as  the  European  average  quoted  above. 

Or,  again,  comparing  cities  with  cities,  the  result  in  thirty  . 
foreign  cities  gave  an  average  per  capita  loss  of  $0.61  as  com- 
pared with  $3.10  in  the  five  years'  average  of  252  cities  in  the 
United  States.  The  following  table,  compiled  from  statistic* 
gathered  by  the  United  States  Geological  Survey  and  Bureau 
of  Manufactures,*  gives  a  comparison  of  fire  losses  in  Americtb 
and  European  cities  of  approximately*  the  same  population. 

Had  the  United  States  a  per  capita  loss  of  $0.33  as  given  abov© 
for  European  countries,  instead  of  an  actual  per  capita  loss  of*^ 
$2.51  for  the  year  1907  (based  on  a  population  of  85,532,761),   : 
then  the  total  fire  loss  in  the  United  States  in  that  year  wouldl  -, 

*  Bulletin  No.  418  of  the  United  States  Geological  Survey.      "The  Fire  Ta^  j 
and  Waste  of  Structural  Materials  in  the  United  States,"  by  Herbert  M.  Wilsol»' 
and  John  J.  Cochrane*  ■{ 
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EarofMan  Iosms  tot  IWi. 


caty. 

Popttlatioiu 

Fire  1068. 

Per 
capita. 

Plurpfl,  !<> An<»e ... 

2,714,068 

324,500 

1,500,000 

550,000 

426,686 

101,602 

203,847 

63,678 

31,121 

23,992 

$1,266,282 

99,492 

2,128,541 

226,506 
75,989 
55,391 
78,372 

106,150 
22,349 
19,504 

10.47 

Fnuikf nrf..  Onrm  An  v 

0.31 

St  Petersburff,  Russia 

Birmingham,  England 

BMBdST  England 

1.42 
0.41 
0.18 

Toulon.  i*Vance . .  ^ , .   - ,  r  t 

0.55 

Bremen,  Germany 

0.38 

Molenbeek,  Belgium 

^^leken,  Belgium  

1.67 
0.72 

Etterbeek.  fielgium 

0.80 

United  States 


for  1907. 


ICH 


>ni- 


Qiicago,  Illinois 

Cincinnati,  Ohio 

Philadelphia,  Pennsylvania. 

Baltimore,  Maryland 

Cleveland,  Ohio 

Atlanta,  Georgia 

St.  Paul,  Minnesota 

EvaoBville,  Indiana 

Oshkosh,  Wisconsin 

Easton,  Pennsylvania 


2,049,185 

345,230 

1,441,737 

553,669 

460,000 

104,984 

204,000 

63,957 

31,033 

25,238 


3,937,105 

1,971,217 

2,093,522 

916,603 

515,194 

225,237 

522,447 

196,702 

80,500 

32,073 


1.43 
5.70 


45 
66 
12 
15 
56 
08 
59 


1.27 


Ittve  amounted  to  only  $28,623,290,  or  a  saving,  in  fire  waste 

alone,  of  $186,461,419. 
In  the  year  1907  there  were  but  thirty-five  fires  in  Great 

Britain  that  averaged  over  $50,000  loss,  and  not  one  that  ex- 

eeeded  $400,000.     In  January,  1908,  fire  destroyed  $24,000,000 

worth  of  property  in  the  United  States. 
The  following  table*  gives  the  population,  number  of  fires, 
^^     iDd  fire  losses  for  nine  ItaHan  cities  for  the  five-year  period 
^^  tiding  December  31,  1909.    The  per  capita  losses  should  be 

ttmpared  with  those  shown  by  American  cities  in  the  previous 


Tsi 
Jsoi 


U)le. 


•  1910  Pnweedwgs  of  National  Board  of  Fire  Underwriteia. 
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Milan 

S7I.0CH) 

ttin 

1694,407 

170(1 

1300 
{In  1805) 

fl&81 
(In  l»07) 

1,&5 

11.20 

Tqrin 

3M,»1B 

267 

ig,6^ 

itje 

1^ 
(In  1005} 

U^2 
(In  lOOD) 

,72 

0,13 

Florence,,.. 

223,200 

m 

SSJOU 

201 

1102 
(In  190e) 

1208 
an  1905) 

,84 

0,17 

Vraiw...... 

171,324 

IBZ 

62,081 

414 

1227 
(In  1905) 

(InlU07) 

,87 

036 

Pbdovtt.,., 

Bl,im 

87 

£.200 

60 

126 

(In  15WHJJ 

(In  m?} 

J,16 

0,66 

BraaGiH..... 

74.38fl 

117 

fi7pOia 

417 

ISO 

(In  1908} 

jia«o 

an  1U07) 

1.58 

0.76 

Bayco^  . . . 

MJ40 

l» 

1,170 

131 

133 

(In  im^) 

1307 
an  1^0) 

.13 

0J2 

Savona 

47,100 

50 

11.459 

328 

tm 

$342 

1.06 

0.34 

*  Parma 

SO  ,090 

140 

17.048 

J22 

3  08 

0.34 

. 

'  For  year  of  1909;   no  previous  records. 

Frequency  of  Fires  In  United  States  and  Europe  Com- 
pared. —  In  such  large  cities  in  the  United  States  as  New  York, 
Boston,  Philadelphia,  etc.,  the  annual  number  of  fires  has  been 
steadily  increasing  year  by  year,  but  in  far  greater  proportion 
than  the  growth  of  population,  as  has  been  shown  in  a  previous 
paragraph.  The  frequency  of  fires  has  also  increased  of  late 
years  in  such  foreign  cities  as  London,  Berlin,  and  Paris,  probably 
due  to  the  increasing  complexities  of  modern  hving;  but  whereas 
the  total  American  fire  losses  have  increased  out  of  all  propor- 
tion to  city  growth  or  expansion,  fire  losses  in  Continental  cities 
have  not  materially  increased.  Thus  the  average  fire  loss  in 
Boston  is  now  about  $2,000,000,  while  in  an  average  European 
city  of  equal  population  the  fire  loss  will  seldom  be  found  to 
range  over  $150,000,  and  this  in  spite  of  the  usually  marked 
superiority  of  our  fire-fighting  facilities. 

The  committee  on  statistics  of  the  National  Board  of  Fire 
Underwriters  found  that  the  number  of  fires  per  1000  of  popula- 
tion averaged  4.05  in  cities  of  the  United  States,  compared  with 
0.86  for  similar  cities  in  Europe. 

Extent  of  Fires  in  United  States  and  Europe  Com- 
pared.  —  In  the  investigations  carried  out  by  the  Technologic 
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Branch  of  the  United  States  Geological  Survey^  it  was  found 
that  a  promiiient  eause  of  tlie  tremendous  fire  waste  in  the  Utiited 
States  wftH  duo  to  firths  extending  l>eyond  the  linnta  of  tlie  build' 
ings  in  which  they  started.  "Exact  figures  as  to  the  losses  due 
to  expoBure  were  not  obtainable,  but  the  moat  contiervative 
estimate  indicates  that  at  least  27  per  cent,  of  the  lot^ies  resulted 
from  fires  extending  beyond  the  building  of  origin.'*  * 

On  the  other  hand,  by  r(*fernng  to  the  Special  Considar  Re- 
ports made  in  1S92   to  the  State  Department  of  the  United 
States,  giving  fire  and  building  regulations  in  foreign  countries, 
it  will  be  found  that  in  such  cities  ns  Havre,  Rouen,  Milan^  Rome, 
Bnusa^d'^,  Antwerp,  and  Le»Mls,  Sheffield,  and  BristuI  in  England, 
every  fire  in  the  year  1890  Wius  confined  to  tfie  building  in  which 
it  originated;    while  in  Dresden,   llorence,   Vicrma,  and  other 
cities,  evL^ry  fire  was  confmed  to  iUeJloor  on  which  ii  originated. 
In  London,  in  1889,  of  a  total  of  2892  liR'a,  all  but  six  were 
TOnfined  to  the  building  in  whiclj  they  origJnat-ed»    The  report 
fitttles  that  •*Legislatiun  as  far  back  as  ItitJO  has  encouragetl  or 
ttilorced  the  use  of  brick  or  stone  in  repair  and  emplacement, 
with  the  result  that  few^  if  any^  timber  istnicturcs  now  survive." 
In  Hamburg^  out  of  a  total  of  682  fires  in  I890i  059  were  eon- 
fined  to  the  floor  where  they  startcil,  6ti9  to  the  building,  while 
only  10  firc?8  extended  to  aiijoining  property.     A  conflagration, 
HT  the  extension  of  lire  beyond  the  imniediately  adjoining  prop- 
erty, ha.d  not  been   known   since  1S42.      In   Glasgow  all  but 
(ires  in  a  total  of  504  were  confined  to  the  floor  where  they 
^.iifted. 

It  nniat  also  be  borne  in  mind  that  many  of  these  resulta  are 
obtained  in  spite  of  what.  Americans  would  conisider  the  most 
iuiidcquate  fire-fighting  fueihties.  Thus  in  Rome,  where,  in 
1S90,  328  fires  were  practically  all  confined  to  the  room  of  origin, 
tiie  extinguisliment  of  firea  was  tlms  described  by  Consul- 
Otnenil  Bourn: 

Fhu^kets  and  fire  extingnishem  are  chiefly  used  fur  extin- 
tKimliinj:^  firea.  If  these  are  not  sufficient,  small  hose,  perhaps 
s  in  diameter,  are  lirought  into  service.  But  the  force 
r  in  many  parts  of  the  city  is  not  great,  although  the 
-  very  abundant.  If  I  he  hydrant  pressure  is  not  auffi- 
laU,  portaJjle  fire  engines  are  used,  and  in  cases  of  great 
airrt;r  nry  there  is  one  steamer,  Inti,  jia  it  is  so  seldom  required, 
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no  proper  arrangements  exist  for  bringing  it  into  service.  The 
last  time  the  steamer  was  called  out  it  was  over  two  hours  before 
it  was  ready  to  throw  water  on  the  fire. 

In  Vienna  it  was  reported:  "There  is  no  case  known  in  this 
city  where  a  fire  has  extended  beyond  the  building  in  which  it 
originated,  and  even  hardly  any  cases  are  known  where  a  fire 
extended  beyond  the  floor  on  which  it  originated.  This  is  pre- 
vented by  the  solidity  of  the  buildings,  by  strict  fire  regulations, 
and  by  a  pretty  well-trained  fire  department,"  the  latter  con- 
sisting of  ''five  steam  engines,  but  very  seldom  called  into  action, 
and  a  large  and  sufficient  number  of  hand  engines." 

Causes  of  Foregoing  Differences.  —  The  striking  contrasts 
between  the  losses,  frequency,  and  extent  of  fires  in  the  United 
States  as  compared  with  European  countries  as  given  above,  are 
due  to  four  principal  causes. 

First:  Differences  in  the  view-point  and  in  the  civic  respon- 
sibility of  the  individual  in  the  United  States  and  in  Europe,  and 
the  consequent  laws  or  regulations  which  govern  the  individual. 

Second:  Differences  in  general  character  of  buildings  outside 
of  congested  areas. 

Third:  Differences  in  thoroughness  of  construction  and  main- 
tenance. 

Fourth:  Differences  in  regulations  and  their  enforcement  re- 
garding especially  hazardous  materials  and  conditions. 

A  candid  inquiry  into  the  first-mentioned  differences,  viz.,  the 
individual  view-point  and  responsibility,  will  disclose  the  fact' 
that  our  national  fire  losses  are  principally  caused  by  the  moral 
attitude  of  the  individual  toward  the  phenomenon  of  fire  waste. 

European  cities  long  ago  learned  the  lesson  that  safety  to  the 
individual  means  safety  to  the  whole  community,  and  vice  versa. 


They  have  learned  that  fire  waste  emanates  in  larger  part 
from  either  criminal  indifference  or  criminal  intent,  and  that  to 
this  extent  it  is  preventable  through  laws  which  go  directly  to 
the  root  of  the  evil  by  holding  the  individual  citizen  to  a  ripd 
accountability  for  every  act  of  omission  or  commission  whidi 
tends  to  increase  the  danger.  In  all  parts  of  Europe  where  the 
Code  Napoleon  prevails,  the  law  of  Voisinage  holds  the  landlord 
responsible  for  his  negligence  to  all  concerned,  tenants  or  neigh* 
bors,  and  if  fire  originates  from  carelessness  of  tenant,  he  is  held 
responsible  to  all  concerned,  landlord  or  neighbors.  This  laW 
places  the  responsibility  where  it  belongs  and  works  automaticalbr 
m  making  everyone  interested  in  having  his  premises  as  safe  ~ 
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they  can  be  made  by  human  foresight.  This  is  not  only  strictly 
logical,  but  in  harmony  with  the  attitude  of  every  civilized  gov- 
ernment in  dealing  with  the  spread  of  contagion.* 

It  is  just  some  such  civic  responsibility  which  is  needed,  and 
;  needed  very  soon,  in  all  American  cities  and  towns.  Respon- 
fflbiHty  of  the  individual  to  the  community,  which  will  cause 
the  individual  to  contribute  to  the  public  safety  in  matters  of 
building  construction  by  erecting  structures  which  will  not  prove 
a  menace  to  his  neighbors;  and  responsibility  of  the  community 
to  the  individual,  in  that  those  investors  who  improve  their  land 
by  the  erection  of  more  costly  and  permanent  structures  shall 
not  be  allowed  to  suffer  constant  hazard  through  iijesponsible 
ndghbors  who  have  no  thought  or  care  of  their  civic  duties. 

It  is  now  a  trite  saying  that  "fireproof  buildings  must  stand 
in  fireproof  cities,"  but  this  statement  contains  the  whole  truth 
of  the  matter  of  fire  protection.  If  American  cities  are  not  to 
suflfer  such  conflagrations  as  have  occurred  at  Chicago,  Boston, 
Paterson,  Baltimore,  and  San  Francisco,  besides  many  other 
lesser  ones;  if  the  realization  of  this  tremendous  financial  drain 
is  once  grasped  in  an  effort  to  lessen  it;  if  it  be  admitted  that 
isolated  buildings  surrounded  by  severe  risks  cannot  withstand 
conflagration  conditions,  then  the  achievement  of  fire-resisting 
cities  (or  at  least  the  congested  areas  therein)  must  be  made 
possible  by  uniform  fire-resisting  construction  throughout. 

In  the  United  States  we  are  so  prone  to  consider  the  rights  of 
the  individual  that  we  are  apt  to  overlook  the  rights  of  the  aggre- 
gation of  individuals.  It  is  not  denied  that  municipal  building 
regulations  adopted  by  any  American  city,  requiring  uniform 
fire-resistive  building  construction  after  any  fixed  date,  would 
give  rise  to  seeming  injustices  and  hardships;  but  if  laws  requir- 
bg  the  remodeling  of  present  risks  were  also  rigidly  enforced, 
in  addition  to  laws  covering  the  erection  of  new  buildings,  the 
hardships  would  soon  be  equalized,  and  benefit  accrue  to  the  com- 
munity in  the  way  of  reduced  fire  losses,  reduced  insurance 
premiums,  reduced  expenses  for  maintaining  fire-fighting  equip- 
ments, and  added  security  to  life  and  property  interests. 

The  second  great  cause  of  our  excessive  fire  loss  is  to  be  found 
b  the  materials  of  construction  employed  in  localities  outside 
of  the  congested  areas  of  large  cities.  Nearly  all  of  our  large 
American  cities  now  have  fire  hmits  defining  the   congested 

♦  Mr.  A.  F.  Dean  in  National  Fire  Protection  Association  "  Quarterly." 
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areas  within  which  frame  buildings  may  not  be  erected,  but, 
save  in  years  when  conflagration  sweeps  over  some  city,  it  is 
found  that  such  congested  areas  do  not  contribute  the  greater 
proportion  of  the  fire  loss.  Thus  in  the  year  1907,  when  the 
actual  fire  losses  to  buildings  and  their  contents  in  the  United 
States  amounted  to  about  $215,084,709,  the  loss  in  brick, 
concrete,  or  other  slow-burning  construction  totaled  only 
$68,425,267,  while  double  that  amount,  or  $146,695,442  was 
on  losses  in  frame  buildings.*  In  that  year  the  total  urban 
and  rural  losses  were  practically  the  same,  but  while  the  loss 
on  contents  was  naturally  greater  in  the  urban  property,  still  the 
loss  on  buHfitings  was  greater  in  the  rural  districts. 

Taking  the  losses  geographically,  the  following  table  and 
comment  on  same  are  quoted  from  the  paper  by  Mr.  Wilson 
previously  referred  to  as  giving  statistics  gathered  by  the  United 
States  Geological  Survey. 


GAOgraphical  divisions  of  states. 

Total  popu- 
lation. 

Total  fire 
loss. 

Fire 
loss  per 
capita. 

M«^»,  A ♦!-«♦:«  1  Me.,  N.  H.,  Vt.,  Mass.,  R.  I., 
North  Atlantic  j     ^       ^\  y.,  N.  J.,  knd  Pa. 

fl«.,*K  Afi-«*:«  1  Del.,  Md.,  D.  C.  Va.,  W.  Va. 
South  Atlantic  j     ^;  ^    ^  ^    q     ^^  ^^^ 

I  Ohio,  Ind..  III.,  Mich.,  Wis., 
North  Central  {     Minn.,  Iowa.  Mo.,  N.  Dak.. 

(     S.  Dak..  Neb.,  and  Kans. 
a^,.*u  ru«*«»i    1  Ky.,  Tenn.,  Ala.,  Miss.,  La., 

South  Central    j     W.,  Okla.,  and  Ark 

Mont.,  Wyo.,  Col.,  N.  Mex.. 
Western                   Ariz.,  Utah,  Nev.,  Wash., 
Ore.,  and  Cal 

23,779,013 
11.574,988 
29,026.645 

16.368,558 
4,783.557 

$69,447,532 
25,349.223 
68.793,148 

59,908,922 
12,676.426 

12.50 
2.19 
2.37 

3.66 
2.65 

Studying  these  fire  losses  by  geographical  divisions  of  states, 
—  a  division  generally  used  by  the  Census  Bureau  —  as  set 
forth  in  the  above  table,  a  remarkable  feature  is  the  large  per 
capita  loss  in  the  southern  states,  namely,  $3.66,  or  more  than 
$1.00  in  excess  of  the  per  capita  loss  in  any  other  division.  The 
cause  lies  in  the  fact  that  the  southern  states  are  well-timbered, 
and,  in  addition,  suffer  from  the  handicap  of  ineflScient  fire  pro- 
tection in  the  cities  and  villages. 

Throughout  nearly  all  European  countries,  save  in  Norway 
and  Sweden  where  wooden  construction  is  prevalent,  the  erec- 
tion of  frame  buildings  is  prohibited  in  all  municipafities,  and  ' 

•  The  number  of  fires  in  brick,  iron,  and  stone  buildings  was  36,140,  while  \ 
the  number  of  Bres  in  frame  buildings  was  129,117. 
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few  are  erected  in  rural  districts.  It  is  seldom  that  any  con- 
aderable  number  of  frame  buildings  are  to  be  found,  while  a 
whole  community  of  inflammable  structures  (as  is  common 
enough  with  us)  is  almost  unknown. 

Compare,  for  instance,  the  following  table*  showing  the  total 
number  of  brick,  stone,  or  wooden  buildings  standing  in  1905  in 
Massachusetts,  with  the  similar  table  giving  the  same  data  for 
France. 


Area. 
eCLUare 

Popu- 
iation. 

Number  nl  buildings. 

Pti4]«. 

Brick 

Fr&nie^ 

Total. 

Muuajcboaetta: 

37  04 
23 
6,74 

41 
36 
32 

16  35 
12  4 

m 

3,62 
20 

6 
17 

4i 
13.66 

593 .59S 
47,732 
67,426 
37,277 
29,108 

105,697 
26,006 
37,S13 
49,124 
M345 
77.026 

37, son 

19,6Se 
36,694 
25,00D 
25,067 
69, IBS 
26,239 

27.000 

133 

654 

1.030 

41 

563 

87 

324 

1.789 

1,058 

420 

127 

104 

425 
47 

417 
90 

5fl,000 
^.436 

13.436 
5,736 

5,478 
12,438 
5,456 
6,m»S 
3,3SG 
16.246 
UM'^ 
6,750 
5*220 

^  3,96C! 

5t775 
12.229 

3,500 

86.000 

Brocktcm              .        . 

1^.564 

C^^rT^h*^lig*^          ,  r  i  -  , ,.,.,. 

14,090 

Cbelsea ,... 

6.766 

Everett            ..,»-,, ..*... 

5,619 

FaJl  River ,...., .,. 

13.001 
5,543 

Haverhill , 

7.232 

Holyoke. 

5,125 
17,304 

l.yftn                          

15,382 

Maiden 

6.877 

Medford  .. ,. 

5J24 

Nfiwioo        .          ^  i .     . .  4   .          L 

6*972 

Pittsfidd.. . 

4,325 

Quipcy 

5,822 

Somemlle. , ,..,....     . . 

12.646 

Walthan 

3.590 

Year. 

ArfMi. 
HQunru 
miles. 

Number  of  build injE^a, 

Brick 

or        Frame, 
atone. 

Total. 

Fcuce 

1Q04 
1904 
1901 
1904 
1901 
1004 
1604 
1904 

4 

g 

271 
30 

18 

130,11*6 
491,161 

127,027 

2,714,068 

4.'59,0i)fl 

132,9UO 

1I0,<>0{> 
101,602 

4 1 ',(372 
0t421 

'  9^000 
11,232 

7,873 

5,415 

' ' ' 157  ' 

1  Hnvm 

12.500 
47,387 
S^.421 

3  .Vice     ,....-,.... 

4  P&ris           .   .       ,  . 

Btyooa .,.  .i 

(.VaDtes..,,.,.. 

7  Rheiitia   

433 
9,000 
11  232 

«  Toulon 

8,030 

From  •'  ProceediDjTS  of  the  National  Board  of  Fire  Underwriters." 
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Of  course  the  conditions  noted  above  are  primarily  due  to  the 
relatively  high  cost  of  lumber  in  European  countries;  while  in 
the  United  States  lumber  has  been  available,  cheap,  and  most 
readily  adaptable  to  building  uses. 

Regarding  the  third  cause  of  our  fire  waste,  viz.^  lack  of 
thoroughness  of  construction  and  maintenance  of  fire  protection 
appliances,  it  cannot  be  denied  that,  while  our  buildings  are 
generally  higher  and  larger  than  in  European  countries,  yet  they 
are  more  carelessly  constructed  and  less  eflSciently  inspected  by 
proper  authorities,  as  is  pointed  out  in  more  detail  in  Chapter  X, 
—  while  the  maintenance  and  inspection  of  our  fire  protection 
auxiliary  appliances  is  generally  very  perfunctory. 

The  fourth  cause  under  discussion,  namely  the  differences  in 
regulations  and  their  rigid  enforcement  regarding  special  hazards, 
may  be  admirably  illustrated  by  comparing  our  recklessness  and 
carelessness  regarding  such  matters  as  lighting,  heating,  the  care 
and  storage  of  paints,  highly  inflammable  liquids,  and  explosives, 
with  the  conditions  obtaining,  for  instance,  in  Berhn,  Germany, 
as  given  by  the  Consul-General  to  that  city: 

Another  important  factor  in  the  case  is  the  strict  and  care- 
fully enforced  regulations  concerning  the  storage,  handhng,  and 
transportation  of  highly  inflammable  substances  and  explosives. 
The  scrutiny  of  the  building  police  extends  to  every  detail  of 
apparatus  for  heating  and  iUumination.  The  wires  of  electric 
lighting  plants  must  be  inclosed,  wherever  they  may  be  located 
inside  a  building,  in  non-combustible  sheaths  or  tubing,  with 
every  practicable  provision  against  breakage  or  short  circuits. 
The  construction  and  setting  of  stoves,  the  thickness  of  walls  and 
floor  foundations  in  proximity  to  stoves,  furnaces,  and  fireplaces 
of  all  kinds,  the  construction  of  flues,  ash  bins,  and  chimneys, 
are  all  carefully  regulated  and  subject  to  periodical  inspection 
by  the  police.  Gas  stoves  must  be  supplied  with  gas  through 
fixed  iron  pipes;  rubber  tubing  may  not  be  used  for  that  purpose. 
If  any  flexible  tube  is  used  it  must  be  sheathed  with  asbestos. 
Finally,  every  chimney,  whether  in  use  or  not,  provided  it  is 
connected  with  an  inhabitated  building,  must  be  periodically 
cleaned  by  a  member  of  the  authorized  force  of  chimney  sweeps. 
The  net  result  of  the  whole  enforced  system  of  construction, 
maintenance,  and  constant  inspection  is  the  practical  immunity 
of  Berlin  from  serious  conflagrations  and  the  important  economies 
thereby  secured  in  losses  by  fire  and  expenses  of  insurance. 

'Financial  Loss  Involyed.  —  While  fire  losses  cannot  be  ^ 
obliterated  by  any  means,  still,  if  the  people  of  the  United  States  I 
would,  through  adequate  laws,  regulations,  and  an  awakening  I 
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of  a  proper  civic  reapoDsibility,  approach  or  equal  the  conditions 
obiainmg  in  Europe  today,  then  would  our  "conflagration" 
losses  become  practically  nilj  using  the  won!  "conflagration" 
in  rhe  European  acceptation,  viz,^  the  spread  of  fire  beyond  the 
single  building  of  origin.  Pirea  in  individual  buildings  would 
jitili  continue,  and  substantial  losses  would  still  remain,  but  the 

Dcrijased  prcitcction  afforded  by  uniform  fire-reeieting  construc- 
would  so  re<luce  the  expenses  incidental  to  fire  protection 

bat  the  aa\dng  would  be  stupendous. 
The  following  table,  from  Mr.  Wilson*s  paper  i>cfore  referred 

D,  gives  the  1907  fire  los9  and  outlay  in  the  United  States,  with 

L  comparison  showing  the  probable  annual  loss  if  the  buildings 
were  as  nearly  fire-resisting  as  in  Europe. 


t Total  loss  by  fire, .... 

Excei*8  of  premiums  over 

insurance  paid 

[Anjiual  expense  of  water- 
works,   chargeable  to 
fire  service. ....... 

tjual   exjjense   of   fire 
departments. ...... 

I  Annual   expense   of   pri- 
vate fire  protection. . 


United  Statea, 
1907. 


1215,084,709 
145,604,362 

28,856,235 
48,940,845 
18,000,000 


if  buildings 
were  aa  pearly 

tire-raaiiiitme 
as  ID  Europe. 


$41,000,000 
28,000,000 

6,000,000 

10,000,000 

5,000,000 


Pbt 
capita. 


Total  fire  waste.. 


S456,4S6,15! 


$5,34   190,000,000  $IM 


Total  loss  by  fire 

I  Annual    expense   of  fire 

protection 


$215,084,709 
241,401,442 


$2.54 
2.82 


$41,000,000 
49,000,000 


an 


h 


Tlius  our  preventable  fire  waste,  according  to  European  ex- 
perience, amounts  to  more  than  $1366,000,000  annually,  or  nearly 
«naugh  to  build  a  Panama  Canal  each  year. 

Wftste  of  Structural  Materials.  —  ''  It  k  evident  that  some- 
thing must  Ije  done  to  stop  the  unnecessary  waste  of  structural 
materials.  Certain  of  these  material,  such  as  wood  and  iron^ 
!«•  not  Lnexhatifitible  by  iiny  uieanE,  hat  are  even  approadtuii^ 
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exhaustion.  In  order  to  obtain  the  best  use  from  these  materials 
in  the  future,  they  must  be  used  with  a  less  lavish  hand.  Waste 
means  increased  cost  in  the  very  near  future. 

"  The  known  supplies  of  high-grade  iron  ores  in  the  United 
States  are  estimated  at  3,840,000,000  tons,  and  unless  the  present 
increasing  rate  of  consumption  is  curtailed,  they  cannot  last  be- 
yond the  middle  of  the  present  century.  There  are,  in  addition, 
59,000,000,000  tons,  or  nearly  twenty  times  the  amoimt  of  low- 
grade  iron  ore,  which  undoubtedly  will  be  used  when  the  con- 
ditions of  the  market  warrant  it.  To  increase  the  life  of  these 
iron-ore  supplies,  it  is  evident  that  the  people  of  the  United 
States  must  soon  turn  to  concrete-making  materials,  brick,  tile, 
and  other  clay  products,  and  building  stones,  as  substitutes  for 
the  more  perishable  timber  and  the  more  limited  metal  supplies. 
From  the  above,  a  study  of  the  causes  of  waste  of  structural 
materials  is  evidently  of  prime  necessity.  The  first  source  of 
such  waste  has  been  shown  to  be  fires.  A  second  source,  and 
one  closely  related  to  fire  losses,  is  that  due  to  waste  of  iron  and 
steel  placed  underground  in  city  water  mains  or  in  pumping 
plants,  on  account  of  fire  and  conflagration  protection.  .  .  . 

"  In  order  that  this  waste  may  be  brought  to  the  attention  of 
the  public  and  the  law  makers,  and  in  order  that  the  discrepancy 
in  cost  between  wood  and  less  inflammable  materials  of  con- 
struction may  be  reduced,  thus  encouraging  the  use  of  non- 
inflammable  materials,  the  investigations  on  which  the  above 
data  are  based  were  undertaken.  It  is  believed  that  through 
dissemination  of  information  as  to  the  local  availability  of  cement- 
making  materials,  of  gravel  and  sand  suitable  for  concrete  con- 
struction, of  clay  suitable  for  brick-  and  tile-making,  and  through 
tests  and  investigations  which  will  show  the  most  appropriate 
method  of  mixing  and  proportioning  these  materials,  and  of 
designing  them  with  the  minimum  amount  of  each  material  ^ 
which  may  suflfice  its  purpose,  the  cost  of  constructions  will  be  j 
reduced  and  the  use  of  such  materials  be  encouraged. 

"  Within  the  past  few  years  marvelous  strides  have  been  made 
in  the  substitution  of  iron  and  steel  for  wood,  due  to  the  inves- 
tigations of  engineers,  phjrsicists,  and  chemists  into  the  prop- 
erties of  these  materials  and  the  great  amount  of  attention 
given  to  their  fabrication  by  manufacturers  and  architects. 
More  recently  the  engineering  and  technical  professions  have 
advanced  to  a  great  extent  the  uses  of  cement  in  concrete  manu- 
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ctures,  but  in  a  vastly  greater  period  practically  nothing  has 
sen  done  toward  ascertaining  the  physical  and  chemical  prop- 
ties  and  the  better  modes  of  manufacture  and  use  of  the 
YMlucts  of  clay  and  stone.  With  these  objects  in  view,  the 
ovemment,  as  the  largest  consumer  of  such  materials,  is  under- 
Jdng  such  tests  and  investigations  as  may  develop  the  most 
dtable  of  these  less  perishable  building  materials  for  each  par- 
cular  use  and  locality.  These  tests  have  in  view  the  establish- 
g  of  the  physical  properties  of  these  materials,  the  suggestion 
'  improved  methods  of  manufacture  with  a  view  to  economy, 
iproved  methods  of  mining  and  marketing  in  order  to  im- 
."ove  the  quality,  reducing  the  quantity  and  cost,  and  extend- 
g  the  life  of  such  materials.  The  investigations  include  the 
eembling  of  information  relative  to  the  most  fire-resisting  and 
reproof  forms  of  construction,  the  former  for  the  prev^ition 
:*  conflagrations  due  to  secondary  or  exposing  fires  and  the 
ttter  for  the  prevention  of  the  destruction  of  the  buildings  in 
hich  the  fires  originate.''* 

*  Herbert  M.  Wllaon  in  Trana.  Am.  Soe.  C.  E.,  Vol.  LXV,  pese  287. 


CHAPTER  II. 

THEORY  AND  PRACTICE  OF  FIRE  PREVENTION  AND 
FIRE  PROTECTION.* 

Fire  Prevention  Defined.  —  Fire  prevention,  or  preventive 
measures  against  fire,  has  to  do  with  the  causes  of  fire,  such 
as  common  hazards,  special  hazards,  carelessness,  and  incen- 
diarism; also  with  educational  measures,  and  building  laws,  or 
other  regulations  which  deal  with  preventive  safeguards. 

Yearly  Increase  In  Number  of  Fires.  —  A  constant  increase 
in  the  causes  of  fire,  and  hence  in  the  number  of  fires,  seems  to 
occur  year  by  year.  The  comparatively  recent  introduction 
of  electricity  in  its  multitudinous  forms  of  commercial  use,  and 
the  wide-spread  use  of  electric  and  gasolene  automobiles  may  be 
cited  as  examples  of  causes  tending  to  increase  the  fire  risk. 

Taking  the  city  of  Boston  as  a  representative  American  city, 
differing  little  from  our  other  large  cities  in  its  experiences,  we 
find  from  the  official  yearly  reports  of  the  Boston  Protective 
Department  that,  in  1881,  the  total  number  of  fire  alarms  in 
Boston  was  558,  in  1890  it  was  933,  in  1900  it  was  1779,  while 
in  1909  the  number  had  risen  to  2677  alarms,  not  including  still 
alarms. 

The  complete  statistics  for  alarms,  fires  involving  loss,  and 
total  losses  from  1881  to  1909  inclusive  will  be  found  on  the 
following  page. 

This  steady  increase  in  the  annual  number  of  fires  cannot  be 
accounted  for  on  the  basis  of  growth  of  population,  for,  while 
Boston  had  in  1880  a  population  of  362,000,  and  in  1900, 560,000, 
indicating  a  growth  in  the  interval  of  more  than  50  per  cent., 
the  total  number  of  alarms  of  which  the  fire  department  received 
notification  was  502  in  1882,  and  1985  in  1902,  showing  a  much 
greater  gain.     We  can  take  the  statistics  of  fires  at  which  losses 

*  For  a  very  able  and  interesting  discussion  of  fire  prevention  and  fire 
protection,  with  especial  reference  to  British  practice,  see  "What  is  Fire  Pro- 
tection?" by  Edwin  O.  Sachs,  publication  No.  1  of  the  British  Fire  Prevention 
Committee. 
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Year. 

Total  alarms. 

Number  of  fires 
involving  loss. 

Total  loss. 

1881 

558 

344 

$  467,105.82 

1882 

502 

329 

958,835.88 

1883 

641 

371 

1,132,982.18 

1884 

633 

398 

1,101,253.60 

1885 

655 

397 

1,232,255.05 

1886 

687 

448 

1,089,196.05 

1887 

754 

460 

690,454.11 

1888 

834 

554 

1,031,676.72 

1889 

788 

494 

4,819,446.67 

1890 

933 

562 

1,088,887.29 

1891 

1012 

606 

1,511,674.51 

1892 

1196 

715 

846,395.12 

1893 

1233 

684 

5,024,765.04 

1894 

1233 

714 

1,726,627.56 

1895 

1234 

719 

1,195,343.28 

1896 

1397 

813 

1,367,165.92 

1897 

1435 

957 

861,203.64 

1898 

1499 

967 

1,415,884.93 

1899 

1768 

1108 

1,699,900.57 

1900 

1779 

1145 

1,674,776.44 

1901 

1681 

1045 

1,754,437.55 

1902 

1985 

1184 

1,570,533.25 

1903 

1990 

1140 

2,040.235.95 

1904 

2001 

1228 

2,491,706.43 

1905 

2320 

1337 

2,143,031.35 

1906 

*  3069 

1518 

1,246,110.06 

1907 

*  44^-4 

2096 

2,296,525.10 

1908 

*  450®^ 

2234 

3,259,420.27 

1909 

*  403;^; 

1921 

2,248,335.03 

l\*  Including  still  alarms. 

occurred  for  a  series  Wf  years  about  twenty-five  years  ago,  and 
for  a  series  of  recent  ^vears.  From  1881  to  1885,  inclusive,  the 
number  of  fires  that  Occurred  in  Boston,  and  which  involved  loss, 
ran  from  329  to  398,  rftinimum  and  maximum  respectively.  But 
in  the  five  years  from  ^1905  to  1909  inclusive,  the  number  of  fires 
resulting  in  loss  range<l  from  1337  in  1905  to  2234  in  1908.  In 
other  words,  during  a  period  of  about  twenty-five  years,  while 
the  population  increased  about  68  per  cent.,  there  has  l)eon  an 
increase  in  the  number  of  fires  involving  a  loss  of  almost  400  per 
cent.,  thus  showing  that  the  causes  of  fire  have  tremendously 
increased,  while  our  national  trait  of  carelessness  regarding  the 
fire  hazard  is  always  largely  responsible. 
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Causes  of  Fire.  —  Taking  the  city  of  Boston,  again,  as  a 
representative  American  city,  and  following  the  statistics  given 
by  the  Boston  Protective  Department,  a  comparison  may  be 
made  concerning  the  variance  in  causes  of  fires  twenty-five 
years  ago,  and  now.  The  fire  record  of  the  year  1884  appears 
to  have  been  a  perfectly  normal  one  so  far  as  the  nimiber  of 
fires  and  the  extent  of  losses  were  concerned,  but,  comparing 
the  caujses  of  fires  in  that  year  with  the  statistics  for  1909,  a 
most  serious  increase  in  carelessness  on  the  part  of  the  inhab- 
itants is  evident.  In  1884,  78  of  the  fires  that  occurred  were 
due  to  matches  either  carelessly  used  by  children  or  found  and 
gnawed  by  rats  and  mice;  but  in  1909,  349  fires  with  loss  were 
due  to  the  same  cause  —  that  is,  the  number  of  fires  in  1909 
from  this  cause  was  almost  four  and  one-half  times  that  of 
twenty-five  years  before.  Seventy-eight  fires  also  occurred  in 
1884  from  sparks  emitted  from  chimneys,  etc.,  and  from  defective 
or  overheated  chimneys  or  heating  and  cooking  apparatus,  while 
in  1909,  234  fires  with  loss  originated  from  the  same  causes. 
Gas,  kerosene  oil,  and  candles  were  responsible  for  85  fires  in 
1884,  and  for  322  fires  with  loss  in  1909.  Considering  the  com- 
paratively recent  general  introduction  of  electricity,  it  is  not  so 
strange  that  there  were  only  three  fires  in  1884  from  electrical 
causes,  as  against  27  in  1909. 

The  following  table  *  (pages  28  and  29)  gives  the  causes  of  fires 
in  detail  in  the  city  of  Boston  over  a  period  of  twenty-five  years.f 

Carelessness  as  Cause  of  Fires.  —  Assuming  that  hot  ashes 
in  wooden  receptacles,  defective  buildings,  the  careless  use  of 
fireworks,  gas,  kerosene  oil,  and  matches,  overheating,  sparks, 
and  attempting  to  thaw  water  pipes  by  flame  are  easily  pre- 
ventable, it  appears  from  the  above  table  that  no  less  than 
56.29  per  cent,  of  the  fires  in  Boston  in  this  twenty-five  year 
period  may  be  directly  attributed  to  carelessness. 

That  the  experience  of  Boston,  as  indicated  by  the  table  of 
causes  of  fires  and  the  analysis  of  same  is  not  peculiar,  is 
attested  by  the  following  abstract  from  the  1906  yearly  report 
of  Francis  J.  Lantry,  then  Fire  Commissioner  of  New  York  City.J 

*  See  Thirty-second  Annual  Report  of  Boston  Protective  Department. 

t  A  similar  seven-year  classification  of  the  causes  of  fires,  in  which  the  CSoii- 
tinental  Insurance  Company  of  New  York  was  interested,  may  be  found  in 
Insurance  Engineering  for  April,  1906. 
/  See  1906  Report  of  New  York  City  Fire  Department. 
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At  the  outset  I  regard  it  as  of  the  utmost  necessity  to  call 
public  attention  to  the  vast  number  of  fires  that  seem  to  be  caused 
only  by  utter  carelessness,  and  to  suggest  that  some  remedy  may 
be  adopted  that  will  in  a  measure  reduce  the  number  of  fires 
arising  from  this  cause.  No  one  can  carefully  read  the  figures 
contained  in  the  Fire  Marshal's  report  to  me  without  being 
astoimded  at  the  number  of  fires  that  could  have  been  prevented 
by  the  exercise  of  very  ordinary  caution.  I  think  that,  if  the 
public  mind  is  suflSciently  aroused  for  the  proper  exercise  of  this 
caution,  the  people  generally  can  become  of  great  service  to  this 
Department  in  the  prevention  of  fires.  The. Fire  Marshal's 
Bureau  is  for  the  investigation  and  determination  of  the  causes 
of  fires,  and  the  head  of  that  Bureau  reports  that  in  the  boroughs 
of  Manhattan,  The  Bronx,  and  Richmond,  among  the  principal 
causes  of  fires  ascertained  by  his  investigation,  887  were  due  to 
carelessness  with  matches  and  228  due  to  children  playing  uith 
matches  or  fire.  Carelessness  in  the  use  of  lighted  cigars  and 
cigarettes  caused  401  fires;  overheated  stoves,  stovepipes,  etc., 
are  charged  with  the  responsibility  for  419  fires;  bonfires,  brush 
fires,  etc.,  are  charged  with  282;  carelessness  with  candles, 
tapers,  etc.,  386;  gasUght  in  contact  with  curtains,  etc.,  216; 
lamps,  kerosene,  etc.,  upsetting  or  exploding,  161.  'Causes  of 
fires  not  positively  ascertained,  2764,'  writes  the  Fire,  Marshal, 
who  adds:  'Many  of  these  were  probably  due  to  carelessness 
with  matches  or  with  lighted  cigar  or  cigarette  butts.' 

The  Fire  Marshal,  boroughs  of  Brooklyn  and  Queens, 
reports  that  732  fires  were  caused  by  matches  igniting  awnings, 
bedding,  clothing,  rubbish,  straw,  etc.,  and  in  his  report  will  be 
found  many  other  instances  of  fires  caused  by  carelessness. 

This  record  of  carelessness  of  life  and  property  is  one  that 
must  demand  attention,  and  I  regard  its  correction  as  a  matter 
that  would  largely  profit  the  people,  as  well  as  one  that  would 
immeasurably  assist  this  Department.  I  believe  that  every 
City  Department  which  has  officers  or  inspectors  constantly 
coming  in  touch  with  the  people  should  take  cognizance  of  this 
condition  of  things  through  their  officers  or  inspectors  calling  the 
attention  of  the  householder  to  the  dangers  arising  from  care- 
lessness as  indicated  in  this  report. 

The  fires  in  New  York  City  in  190G,  the  year  to  which  the  above 
report  especially  applied,  numbered  12,182.  If  our  large  cities 
were  to  adopt  some  such  regulations  as  are  in  force  in  London, 
England,  where  a  needless  fire  alarm  or  a  chimney  fire  subjects 
the  individual  or  property  owner  to  a  stipulated  cash  fine,  great 
improvement  would  undoubtedly  soon  be  apparent,  both  in  the 
number  of  fire  alarms  and  in  the  causes  of  fires. 

Incendiarism.  —  All  towns,  cities,  and  states  should  enforce 
stringent  regulations  covering  inquiry  or  ''fire  inquest  "  held  on 
the  spot,  in  the  event  of  suspicions  pointing  to  arson.    ^ucYv. 
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inrjuiries  should  l>e  conducted  by  the  local  fire  and  police 
partmeiit  o^riciuls,  or  preferably  through  the  itistitiition  of  stj 
fire  nmrshal  clTiees,  such  as  are  now  in  force  in  many  at 
For  a  detailed  account  of  etatc  fire  marshal  ofiicca,  see  add 
on  Fire   M^irshal  Laws,  by  Dr.  Clarence  Marin,  Aijsistant 
Marshal  of  Ohio,  iu  the  19CK^  Pnif feedings  of  the  National 
Protection  Ajisociation,  from  which  paper  the  folio  wing  is  ta 

Every  fire  marshal  ia  effective  in  proportion  to  the  moi^ 
he  has  to  spend. 

To  be  successful  in  securing  convictions   for   burning  ] 
defraud,  the  fire  marshal  must,  by  bulletins  to  tlte  country  ncJ 
pajjera,  show  the  people  from  among  whora  jurors  arc  dra| 
that  when  a  budding  burns,  money  from  insured  neighbors  ; 
the  loss. 

In  Ohio,  the  state  in  which  the  fire  marshal  is  most 
erously  supported  and  liulletins  have  been  used  longest,  th^ 
were  more  convictions  for  incendiarism  in  two  and  a  half  ye 
than  iu  the  centurj^  preceding  the  estabfishitig  of  the  departmei 

In  spite  of  the  fact  that  a  tax  of  one-half  of  one  per 
is  levied  on  gross  premiums,  in  spite  of  the  fact  that  the  fa 
rautuais  now  carry  3(X),000  risks,  tdl  preferred ,  the  premi^ 
rate  in  Oliio  is  lower  than  in  any  one  of  the  five  states  adjc 
Ing  it. 

Common  Hazards.  -^  It  has  previously  been  shown 
common  hazards  only  too  frequently  niean  simple  carelessn^ 
Over  and  above  the  personal  element  of  carelessness,  howev 
many  common  hazards  are  susceptible  of  vaat  improvement^ 
their  prevention. 

Thus,  the  so-called  parlor  match  should  be  ever^nvhere  p^ 
bibited  by  law;  safety  matches,  which  can  only  bo  ignited  I 
Btriking  on  the  box  eover^  are  far  safer  in  the  hands  of  child 
or  irresponsibles;  the  heads  do  not  fly  offj  as  is  so  apt  to  be 
case  mth  the  parlor  match,  and  they  do  not  ignite  when 
den  on. 

City  ordinances  should  require,  and  enforce  in  so  far  as 
be  practicable,  the  use  of  metal  ash  (jana  for  the  receipt  of  st 
or  furnace  ashes .  The  depositing  of  hot  ashes  in  wooden  reo 
tacles  is  responsible  for  many  fires  in  every  large  city. 

Another  eon  tributary  cause  of  many  fires  is  defective  flu^ 
principally  in  dwellings.     This  subject  is  discussed   more 
length  in  Chapter  XXIV. 

Special    Mazards.  —  These    include    such    fire    dangers 
lightning,  fireworks,  and  other  explosives,  petroleum,  gaaolen 
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c,  (for  which  see  Chapter  XXVIID^  and  the  Bpecial  hazai^a 
addent  to  various  manufacturing  operations   (for  which  see 
Pparagraphs  Character  of  Btdlding  iinri  iHolalion  of  Alechanicat 
Plants  and  Special  Binti  in  Chapter  IX). 

Educational  Measures.  —  Following  the  suggestion  of  Mr, 
C.  M.  Goddartl^  former  prcBident  of  tlio  Xalioiud  Fire  Pro- 
ftion  Aaaociation,  that  society  iiiaugurute<l^  at  its  1901)  annual 
ettng^  the  appropriation  of  funds  fur  the  active  prosecution 
pf  a  campaign  of  publicity,  to  be  conducted  through  its  members 
Uid  through  the  daily  press,  etc.  Lecturers,  speakers,  and  timely 
art.iclas  pertaining  to  fire  prevention  and  fire  protoction 
fumisliCHl  by  the  association,  in  an  en<leavor  to  improve 
{>ublic  eentiment  in  regard  to  these  vital  questions.  The  move- 
oent  has  but  started,  and  much  yet  remains  to  be  done.  Similar 
ducational  wfjfk  is  being  undertaken  in  great  Britain  by  the 
ritiflh  Fire  Prevention  C<>rarnittee. 
The  idea  of  interesting  school  children  in  Buch  subjects  opens 
^p  great  possibilities. 

I  believe  that  it  would  be  a  good  Idea  if  the  board  of  edu- 
iition  was  asked  to  give  directions  to  school  principals  and 
'  era  that  would  result  in  instructions  being  given  to  the 
en  of  our  pubhc  schools  of  the  dangers  arising  from  what 
fcpparently  seem  to  be  trifling  careles.sner>s,  and  yet  may  be 
active  of  great  loss.  It  seems  to  me  tliat,  if  the  warning 
gainst  fire-causing  carelessness  is  properly  disseminated  among 
m  scholars  in  the  public  schools,  it  will  have  a  lasting  effect, 
ul  it  will  not  only  be  beneficial  at  an  early  day,  l>ut  for  years 
Loomer  so  that  the  necessity  for  caution  will  be  deeply  im- 
upon  the  minds  of  the  children  and  will  remain  with 
Lna  they  grow  to  be  men  and  women.* 

A  law  is  now  upon  the  statute  books  of  Ohio  requiring  text- 
iWks  to  be  read  in  the  scho<jIa  of  that  state  on  the  "Dangera 
liod  Chemistry  of  Fires,"  Similar  hiws  have  been  enacted  by 
[tijM  ytatcs  of  Montana,  Nebraska,  and  Iowa. 

RiiUdlng^  Laws  and  Other  KeKulatlous.  —  It  is  to  be  hoped 
llhAt  the  crusades  of  education  midertakcn  by  the  National  Fire 
II^DtectioQ  Association,  the  National  Board  of  Fire  Under- 
ItriterB,  and  other  organizations,  will,  in  due  ct>urse  of  time,  so 
■•imulate  general  public  st^ntiment  along  the  line  of  fire  pre- 
[jgitive  DQcasiires  as  to  demtmd  governmental  and  state  legis- 

J906  Report  of  New  York  Fire  Departnicint,  Fraacia  J.  Laatty 
lioacr. 
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lation  looking  to  the  improvement  of  present  conditions.     It  has  ^" 
been  shown  in  Chapter  I  how  European  nations  control  the  fire   * 
hazard  through  both  national  regulations  and  local  supervisioiifl    • 
of  a  most  rigid  character.     With  us,  the  reverse  is  distinctly  . 
true.     Not  only  are  there  no  governmental  restrictions,  but  state    ' 
laws  governing  building  construction  and  fire  prevention  and    * 
fire   protection  show  no  uniformity   whatever,   varying   from    .; 
practically  no  regulations  to  only  indifferently  good  ones.     The    , 
same  variance  exists  in  our  local  or  city  laws.     Many  matters 
which,  in  Europe,  are  rigidly  controlled,  with  us  are  not  demanded 
of  the  individual,  provided  he  cares  to  assume  the  risk  to  himself 
and  neighbors  by  foregoing  insurance  or  by  pajdng  added  pre- 
mium rates,  or  by  paying  the  rates  demanded  and  passing  cm 
the  risk  to  the  community. 

A  good  example  of  the  lack  of  govenynental  supervision  is 
seen  in  the  absence  of  laws  concerning  such  buildings  as  summor 
hotels,  town  halls,  asylums,  schools,  etc.  Most  state  laws  are 
so  lax  in  regard  to  such  l)uildings  that  almast  any  construction 
is  permitted  outside  of  city  limits.  Structures  of  this  characto", 
housing  many  adults  or  children,  should,  through  the  coopera- 
tion of  government  with  the  several  states,  be  rigidly  controlled 
as  to  construction  and  equipment. 

An  example  of  the  laxity  of  usual  city  regulations  is  to  be 
found  in  the  laws  governing  factories,  as  is  pointed  out  in  more    \ 
detail  in  Chapter  XXV.  \ 

On  the  other  hand,  city  building  laws  are  often  too  specific    f 
and  too  voluminous,  proving  too  rigid  for  some  cases.     Many  'Y 
points  of  practice,  after  certain  broad  and  fundamental  require-  ■ 
ments  are  laid  down,  are  best  left  to  the  discretion  of  the  propar 
authorities  as  occasion  is  raised,  but  such  officials  haVe  need  of  a 
far  different  conception  of  public  duty  from  that  exhibited  in 
the  political  domination  of  usual  city  building  departments. 

A  satisfactory  building  law  for  city  use  is  to  be  foundNn  the 
"  Building  Code  "  recommended  by  the  National  Board  o\  Fire 
Underwriters,  extracts  from  which  are  given  in  various  folloViniS  - 
chapters.    The  following  "foreword"  accompanying  the  01^. 
illustrates  its  applicability:  V_ 

In  the  belief  that  safe  and  good  construction  of  buildii 

should  be  universally  recognized  as  of  the  utmost  importan 

this  building  code,  prepared  and  recommended  by  the  und 

signed  committee,  is  based  on  broad  principles  which  have  b( 
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ufficiently  amplified  to  provide  for  varying  loral  conditions  in 
owns  as  well  as  in  c."itie8. 

The  benefits  to  b^  doriv^ed  from  uniform  bnildinK  Iuwh 
broughout  the  country  lend  the  coniniittee  to  urf!;e  the  adoption 
>f  this  code  in  its  entiretv.  In  small  (owns  or  ritiew  whore  there 
no  d»-'partMJcnt  of  bnildiriK^t  it  iniKht.  i)*^  enf«^»rre<i  through  a 
kireau  of  Buildings  under  the  jurisdietlon  of  the  Fire  Depart- 
nent,  the  words:  'Commissioner  of  Buildings^  heinjr  changed 
p  *  Superintendent^  or  Mtispeetor  of  Buildings.'  In  like  muu- 
uer  other  provisions  may  be  ehnuged  to  meet  (oral  requirement.'?, 
Ell  the  same  time  maintaining  o^vsential  recommendations. 

Thia  code  has  been  distributed  free,  by  the  National  Board, 
to  all  municipalities  in  the  United  Sttttet*  having  a  population  of 
5000  or  over.  It  has  been  adopted  in  full  l>y  Jer-sey  City,  N.  «f  , 
aod  C'harlt^ston,  S.  (',,  and  in  part  l)y  nmny  other  cities.  Con- 
siderably over  too  cities  have  taken  up  the  question  of  new 
building  laws  during  recent  years,  largely  through  the  Btiniu- 
ition  of  the  work  of  the  National  Board. 

Fire  Protection  Defined*  —  Fire  protection,  as  applietl  to 
luiMings,  includes  contntl  of  fire  through  construction,  eontrol 
means  of  first  aid  or  «tfpartment:i!  wijrk^  detection  of  fire  hy 
iutoinatie  means,  and  safety  a^ain.^t  exposure  hazard* 
Control  by  Constrwctton*  —  The  best  tjoswible  illustration 
control  by  eonst ruction  is  furnishetl  by  those  instances  where 
e  has  been  confined,  absolutely,  to  the  compartment  or  unit 
area  within  which  it  originateti,  and  this  without  the  knowU 
dge  of  tenants  or  others.  Such  cases,  while  comparatively 
'^  are  by  no  means  unheard  of,  as  several  fires  in  ofliee  build- 
1^  hotels,  and  vvareh«mses  testify,  in  whieh  fire  lias  completely 
itroyed  the  contents  of  a  room,  die^l  out  for  want  of  fuel,  and 
ly  been  discovereil  at  some  later  periotl. 

Fire-resisting   construction    should   always    Ite    planned    and 

nrricd  out  to  approximate  this  ideal  as  nearly  as  tuny  lie  pos- 

ibte,  and  parts  II,  111,  IV,  and  V  of  this  volume  are  intended 

ahow  how  this  may  be  accomplished  as   far  aa  materials, 

Qning,  and  details  of  construction  are  concerned. 

We  are  very  apt  to  picture  such  a  structure  in  the  mind's  eye 

1  massive,  unmtereiiting,  and  inartistic  pile  of  brick,  terra- 

4Uh  or  conci^le,  with  stjlid  masonry  partition  walls,  tin-  or 

itd-coveretl  doors  and  window  shutters,  —  in  sltoil,  a  stnic* 

wherein  atl  thoughts  of  beauty  or  architectm'al  expression 

We  had  to  be  subordinated  to  considerations  of  purely  strtic- 

'  and  practical  vultie. 
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But  such  is  not  the  case,  at  least  in  any  such  extreme  sense. 
The  ingenuity  of  the  architect,  coupled  with  the  endeavors  of 
progressive  contractors  and  manufacturers,  have  succeeded  in 
solving,  at  least  in  part,  the  problem  of  making  many  details 
of  fire-resisting  design  attractive  and  ornamental,  as  weU  as 
efficient.  This  transition  has  been  progressing  ever  since  the 
modern  type  of  so-called  fireproof  building  became  an  established 
fact,  but  especial  progress  has  been  made  since  the  Baltimore 
fire.  Experience  gained  in  that  catastrophe  has  served  as  a 
wonderful  educator  to  investors,  insurance  interests,  and  those 
entrusted  with  building  design  and  construction,  as  well  as  a 
powerful  object  lesson  to  the  manufacturer  of  building  materiak 
and  devices. 

Control  by  First  Aid  or  Fire  Department.  —  The  control  oi 
fire  through  the  employment  of  first  aids,  such  as  water  buckets, 
extinguishers,  etc.,  is  treated  of  in  Chapter  XXXII,  while  fire- 
department  operations,  with  especial  reference  to  equipment  OJ 
protective  devices,  are  considered  in  Chapter  XXIX. 

Automatic  Detection  of  Fire.  —  Over  and  above  humai 
agency,  fire  may  be  detected  through  the  means  of  thermostats 
or  automatic  alarms,  as  described  in  Chapter  XXXI,  or,  fin 
may  be  detected,  and  partially  or  fully  controlled,  through  th< 
use  of  automatic  sprinklers,  as  described  in  Chapter  XXX. 

Exposure  Hazard.  —  Safety  against  exposure  hazard  in 
volves:  1,  protective  measures  against  an  immediately  adjacen 
risk,  which  hazard  is  always  considered  in  the  insurance  rat( 
and  charged  for  according  to  the  imminence  of  the  risk  an( 
the  protective  features  adopted,  and,  2,  protection  against  ai 
extended  conflagration.  The  hazard  of  the  latter  possibility 
depends  largely  upon  how  well  immediate  exposures  are  met. 

The  possible  causes  of  exposure  fires  are  thus  summarized  bj 
Mr.  Everett  U.  Crosby.* 

Exposure  and  conflagration  possibilities  from  grouped  risk 
are  due  to  fire  extending  from  one  building  to  others  in  viev 
of  the  following  cases:  (a)  fire  in  the  individual  risk  passin] 
beyond  control;  (6)  effect  of  the  size  of  the  risk,  viz.,  the  quantity 
of  combustible  comprising  the  building  and  contents  subject  t« 
burning  at  one  time;  (c)  fire  extending  out  through  wall  opening 
and  through  roofs;  (d)  fire  entering  through  wall  openings  an< 
through  roofs;  (e)  fire  spreading,  due  to  the  falling  of  bumin 
rooms,  floors,  and  contents;  (/)  fire  spreading  due  to  falling  wall 

*  See  "Exposure  Fires  Analyzed,"  Insurance  Engineering,  June,  1905. 
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of  a  burninj?  building;    {g)  iuilucnee  of  Btreel  widths  and  open 
^areaa;     (h)  influence  of  prevailinj^  winds;    (t)  the  'range'  of  or 
erritory  aiTertixl  by  lieat  wavt's  nnd  fin*  brands;    {J}  adverse 
onditioiiB  of  the  weather  or  of  tlio  fire  farnlities  at  time  of  tire. 

MoBt  of  these  questions  are  eonsidered  in  succeeding  chapters. 

Courses  of  ln!<itryetion  tn  Fire  Proteetii>ii*  —  That  the 
heory  and  practice  tjf  Hre  prevention  Jtnd  (ire  protection  are 
aized  as  a  8cii^ntific  specialty,  wortijy  a  broad  and  com- 
prehetisive  courst*  of  study,  is  indicated  by  the  spedal  course 
of  iimtru(;tion  in  these  subjects  offereii  by  the  Armour  Institute 
of  Technology,  Chicngo^  ILL  Tlie  course  in  Fire  Protection 
Engineering  was  sUirtctl  in  IdOlL 

The  curriculum,  which  extends  over  four  years,  includes 

fundamental  subjects,  such  m  mathematics,  physics,  electricily, 

and  applied  mechanics,  which  are  necessary  as  a  foundation  for 

uny  engineering  training*     Particuhtr  attention  is  given  to  the 

fltudy  of  industrial  and  engineering  chemistryj  and  a  series  of 

thorough  courses  in  these  subjects  extends  throughout  the  first 

tliree  years.     The  purely  professional  work  of  the  department 

ia  given  in  the  third  and  fourth  years  and  Ijegins  with  a  careful 

r  §tady  of  types  of  building  construction  and  general  practice  in 

j  ibe  application  of  protective  measures*     A  critical  examination 

is  made  of  I' nder writers'  R equipments,  and  tlax^e  i:>ertaining 

I  to  field  work  are  illustrated  by  field  inspectioniH  conducted  liy  a 

I  rompetent  instructor  experienced  in  inspection  work.     A  study 

\k  made  of  the  various  rating  schedules  in  u.se  in  different  parts 

[of  the  country  and  practical  application  of  these  schedules  is 

f  made  Ui  the  mercantile,  manufacturing,  and  special  hazard  risks 

for  which  they  are  <lesigned.     The  work  is  extended  to  cover 

buildings  in  course  of  construction  as  well  as  finished  and  €>ccu- 

pie<l  promises,  and  includes  attention  to  faults  of  design,  strue- 

tiiral  defects,  installation,  and  maintenance  of  fire  stops  and 

I  protective  equipment. 

The  laboratory  work  of  the  department  is  carried  through 
I  the  junior  and  senior  years  of  the  ctoiirse  and  is  supplemented 
from  time  to  time  by  outside  tests  of  steam  and  elect ric-puai ping 
muchinery  and  other  apparatus  embodied  in  private  equipments. 
Thus  the  student  is  familiaris^ed  with  correct  ancJ  faulty  con- 
fllTUction  and  installation  of  hazardous  and  protective  equipment 
sod  apparatus.  The  work  is  plaimed  to  include  demonstration 
<>r practical  test  method.s  for  use  in  the  field,  lal)orEU.ory,  and  shop, 
I  stutk^nta  frequently  witness  the  hre-tests  made  at  the  Under- 
4ers'  Laboratories,  and  they  also  have  the  privilege  at  timea 
.  (A  using  that  testing  plant  for  laboratory  tests. 

Lecture  cours<»s  on  fire  proteclion  are  given  at  Harvard  Uni- 
;he  Stevens  Institute  of  Tecii/iology,  and  at  some  < 
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colleges.  A  one-year  evening  course  in  fire  protection  and  fire  ■• 
insurance  is  given  at  the  New  York  University,  while  an  evening  < 
lecture  course  on  the  same  subjects  is  offered  at  Columbia  ■ 
University,  New  York. 

Fire  Protection  Library.  —  Mr.  Henry  E.  Hess,  Manager  ^ 
of  the  New  York  Fire  Insurance  Exchange,  in  an  address*  en- 
titled **The  Making  of  a  Fire-insurance  Library,"  stated  "In 
the  absence  of  a  complete  library,  I  have  often  been  asked  to 
name  the  books  tliat  would  cover  a  good  course  of  reading  in 
fire  insurance,  or  that  would  represent  a  compact  but  fairly 
comprehensive  library  for  an  individual  to  own.  I  have  pre- 
pared such  a  list,  and  for  such  collateral  interest  as  it  may  have 
in  connection  with  the  main  topic  of  this  pap>er,  I  here  submit 
it,  premising  that  it  may  be  reduced  by  leaving  out  the  law  books, 
if  one  is  not  interested  in  that  side  of  the  subject. 

A,  Upon  Fire  Insurance  generally: 

1.  The  Principles  and  Finance  of  Fire  Insurance;  F.  H. 

Kit  chin. 

2.  Yale  Insurance  Lectures  —  Fire  and  Marine. 

B.  Upon  the  Construction  of  Buildings: 

1.  Fire  Insurance  and  How  to  Build;   F.  C.  Moore. 

2.  Building  Construction  for  Beginners;    J.  W.  Riley. 

3.  Building  Instruction  and  Superintendence;    F.  E. 

Kidder  (Part  II,  Carpenter  Work). 

4.  The  Fireproofing  of  Steel  Buildings;   J.  K.  Freitag. 

5.  Reinforced  Concrete;   C.  F.  Marsh. 

C   Upon  the  Hazards  of  Contents  of  Buildings: 

1.  The  Chemistry  of  Fire  Prevention;   H.  Ingle. 

2.  Fire  and  Explosion  Risks;  Dr.  Von  Schwartz. 

3.  The  Journal  of  the  Federation  of  Insurance  Insti- 

tutes  of   Great  Britain   and  Ireland;    published 
annually. 

4.  Quarterly  Bulletin  of  the  National  Fire-protection 

Association. 

D.  Upon  the  Making  of  Rates: 

1.  The  Universal  Mercantile  Schedule;    F.  C.  Moore. 

2.  Fire  Rating  as  a  Science;  A.  F.  Dean. 

E,  Upon  the  Law  of  Fire  Insurance: 

1.  Law  of  Insurance  Agency;   Wolff. 

2.  Richards  on  Insurance;  Fire,  Life,  Marine;  1  volume. 

3.  Joyce  on  Insurance;  4  volumes  (covering  all  branches 

of  insurance  and  bringing  law  decisions  down  to 
1903). 

4.  Finch's  Digest;  published  annually. 

*  Read  before  the  thirty-seventh  annual  meeting  of  the  Fire  Underwriters 
Aaaocmtioa  of  the  Northwest,  Chicago,  October,  1906. 
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To  the  above  list  of  books  in  classification  B,  tlie  writer  would 
reoommend  adding  a  number  of  valuable  reports  dealing  with 
tests  of  materials  and  building  construction,  etc.,  especially 
those  issued  by  the  United  States  Geological  Survey  referred  to 
elsewhere. 


CHAPTER  III. 
THEORY  AND  PRACTICE  OF  FIRE  INSURANCE. 

Origin  of  Fire  Insurance  In  United  States.  —While  insur- 
ance against  marine  losses  was  practiced  by  the  ancient  Greeks 
and  other  maritime  nations,  fire  insurance  can  be  reckoned  from 
the  organization  of  the  Amicable  Contributors,  which  took  place 
in  1696,  after  the  great  London  fire,  and  which  was  deduced 
from  the  earlier  Friendly  Society.  This  organization  was  oper- 
ated on  the  plan  of  our  present  mutual  companies,  its  members 
obligating  themselves  to  contribute  a  proportionate  share  of 
any  loss  sustained  by  other  members.  .  .  . 

In  America,  the  Philadelphia  Contributionship,  for  the  in- 
surance of  houses  against  loss  by  fire,  was  organized  in  1752. 
This  company  was  based  on  the  rules  and  rates  of  the  Amicable 
Contributors,  or  Hand-in-Hand,  and,  like  that  organization, 
the  clasped  hands  are,  up  to  the  present  day,  the  synibol  of  this 
society. 

At  a  general  meeting  of  the  Contributionship,  held  in  1781, 
the  question  of  the  hazard  of  shade  trees  in  front  of  houses 
was  discussed,  resulting  in  the  rule  that  no  houses  having  a 
tree  or  trees  planted  before  them  should  be  insured  or  reinsured. 
This  action  resulted  in  the  organization  of  the  Mutual  Assur- 
ance Company,  for  the  insurance  of  houses  from  loss  bv  fire,  in 
1786.  This  new  company  at  once  chose  the  symbol  of  a  green 
tree,  and  up  to  this  day  a  small  wooden  shield  with  a  green  tree 
painted  thereon,  or  a  cast-metal  green  tree,  may  be  found  at- 
tached to  the  older  Philadelphia  dwelling.  The  new  company 
soon  became  known  as  the  'Green  Tree,'  and  is  still  so  called. 

The  Mutual  Assurance  Company  of  New  York  was  organ- 
ized in  1787.  In  1794  the  directors  of  the  Insurance  Company 
of  North  America,  which  company  had  been  operating  as  a 
marine  insurance  company  for  a  number  of  years,  considered 
the  question  of  also  assuming  the  insurance  of  houses,"  and 
*  upon  goods,  wares  and  merchandise,  or  other  personal  prop- 
erty.* This  form  of  pohcy  was  finally  adopted  in  the  latter 
part  of  1794. 

The  Philadelphia  Fire  Insurance  Company  was  organized 
in  1804;  the  American  Fire  Insurance  Company  in  1810.  Early 
in  1810  the  council  of  the  City  of  Philadelphia  considered 
a  proposition  to  the  end  that  the  city  assume  the  insuring  of  '^ 
property  against  loss  by  fire;  but  although  the  plan  was  sup- 
ported by  some  of  the  best  citizens,  it  failed  of  consummation. 
The  Fire  Insurance  Company  of  the  State  of  Pennsylvania,  the 
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gnce  Company  of  the  County  of  P!iiluddphi:ip  the  Fire 
p&tiun,  the  Fennsylvaniii  Fire,  and  t\m  Fmrikliri  Fire  In- 
fee  Company,  all  wv.iv.  fjrgjjnized  in  the  early  pjirt  of  the 
lenth  eentury,  and  riiiladelphia  niay  well  lie  called  the 
laf  fire  insiirariL'e  in  Ainerira.  .  .  . 

■I  1796  the  r>oard  of  direetora  of  the  Insurance  Company 
Irth  America  passed  a  resolution  to  the  effect  that  propov^ala 
JBuranee  should  be  received  from  property  owners  outside 
p  *ten"milo  hrait,'  therel>y  iriaugurating  the  system  of  fire- 
pmce  ageueies  which,  at  the  present  time,  has  grown  to  he 
the  greatest  systems  of  commercial  value  and  necessity. 
Ire  insurance  ageiii  throughont  the  United  iStutes^  must  be 
lered  an  important  factor  in  the  insurance  business.  Hold- 
B*?  eonmiission  of  tlic  comfiany  or  companies  he  r<>presents, 
1  intents  and  purpcjses,  In  his  dealings  with  the  jjroperty 
^  'ag  indemnity,  he  is  the  company.* 


tOTftllce  Agents.  —  It  is  the  business  of  the  fire  insuranc?e 
to  wTite  it^surant^e  polieieSj  and,  what  is  usually  considered 
E>re  importance^  to  t^ollect  the  premiums  on  same.     Such 
!s,  on  account  of  the  liability  assumed  by  the  writing  corn- 
are  usually  reportotl  by  the  agent,  before  Issuance,  to  tfie 
office  f»f  the  company,  with  such  information  as  may  Ije 
red  by  the  company  as  to  the  character  of  the  risk  and  the 
1  and  frnancial  standing  of  the  assured.     In  cities  or  terri" 
k  where  a  large  liusiness  is  done,  general  agencies  are  often 
►lished,  in  which  ciuse  the  local  agent  n-ports  to  t!ie  general 
H  for  approval  of  policies,  the  latter  oidy  reporting  lo  the 
f  office  at  stated  intervals. 

ssides  the  local  agents,  ihere  are,  in  large  cities,  insurance 
ters  who,  like  the  lor^al  agents,  are  paid  Ijy  the  insurance  com- 
^  a  p(?r  c^nt,  commission  on  the  premiums.  On  account  of 
eonsiderable  detail  involved  in  the  proper  placing  of  risks 
quAble  rates,  Utrge  owners  ur  tn  is  tees  of  property  usually 
ft  Uie  issue  and  reissue  of  policies  in  the  hands  of  Bome 
ftmge  finn  of  recognized  standing. 

le  profit  or  loss  of  fire  insurance  writing  is  largely  dependent 
ft  the  ability  and  good  judgment  of  the  ''special  agent,'*  for 
I  Upon  tins  representative  of  the  insurance  compan}^  that 
Qiisil>ility  must  f:dl  for  the  general  conduct  and  supervision 
iebusiiK^ss  in  the  field.     He  must  possess  a  wide  knowledge 

ite  *'Fire  Insuranco  Praeiices  in  the  l*nited  Suitt?i!i,"  a  paper  read  by 
CJ»«les  Uexamer   before   the  InturuuLionul    Fire    Prevention   CouKreao, 
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of  risks,  niannfacluriiif^  and  other  hazards,  construction,  pro* 
teetive  measures  and  adjut^tiiiont  of  losses^  besides  being  able 
to  diret't  and  lead  Ids  ageats^  and  to  gauge  the  moral  and  fmai^cial 
standing  of  his  assured. 

Insurance  Rates.  —  The  rate  of  premium  is  the  amount  i 
money  charged  by  tlie  insurer  for  each  $100  of  indemnity  prom- 
ised to  the  insui-eil.  The  rate  i^  made  on  $100  of  indefniiity 
simply  to  provide  a  ready  inethml  of  computing  the  total  pn 
mium  on  the  total  amount  of  insurance  written,  Tlie  rat 
therefore,  hecomea  the  measure  of  the  risk  carried  by  the  injure 
The  greater  the  riyk  the  greater  tlie  rate,  and  conversely,  th 
lesa  the  risk  assumed,  the  leas  the  rate  charged. 

Tfie  rate  of  premium  or  price  charged  by  the  company  i 
not  baaed  upon  the  expectation  c>f  liunung  of  a  particuuir  rid 
in-sured,  but  ujwn  the  number  of  risks  of  like  kind  wliich  would 
be  burned  or  damaged  out  of  ^  say,  a  thousand  in  any  single  year. 
At  the  ratcMjf  one  per  cent, ,  for  illustration,  a  thousand  risks, 
each  insured  for  $1000,  would  yield  SI 0^000  in  premiums.  If 
ten  risks  out  of  the  thousand  .should  ijurn  in  a  year,  the  entire 
amount  of  premiums  would  be  required  to  pay  the  loss.  It  \s 
evident  that  a  smaller  number  than  ten  must  burn,  or  a  higher_ 
rate  than  one  per  cent,  must  be  obtained  to  provide  for  expen 
as  well  as  los.yes.* 

Methods  of  Rating.  —  Early  methods  of  underwriting  ' 
based  on  very  crude  principles^  Btiiklings,  or  risks  as  they  ; 
called  by  insurance  interests,  were  simply  classifietl  accordiq 
to  occupancy,  and,  in  a  very  limited  way,  according  to  cod 
Btruction.  I'hus  rates  were  determitied  for  specified  classific 
tions  of  occupancy,  bfiscd  u^wn  brick  buildings,  and  all  brit^ 
buikiings  containing  a  like  occupancy  were  subject  to  the  san 
class  rate.  If  the  risk  was  a  wooden  building,  a  specified  advaa^ 
on  the  rate  wiis  charged*  In  other  words,  there  was  little  or  i 
distinction  inade  between  risks  of  the  same  class.  This  syst( 
of  rating  was  ejssentially  defective  in  that  no  provision  was  ma, 
for  differentiating  between  varj'ing  risks  in  the  same  class, 
as  it  became  more  and  more  apparent  tiuit  defects  in  constni 
tion  and  protection  should  be  charged  for  through  atlded  prt 
mium  rates,  the  system  of  schedule  rating  was  devised, 

SchedtdG  raiingf  which  is  now  commotdy  followed  througho^ 
the  United  States,  consists  of  class  rating  plus  individual  ratii 


*  **Tht  Relation  of  Fire  Jnaurance  to  the  ComiDUmty,' 
Mad  Committea, 
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"the  class  rate  representing  tlip  class  of  the  risk,  and  the  items 
of  the  schedule  representing  the  individual  riak  of  the  class," 
By  ihia  method,  each  deviation  from  ei^tahliiilied  standards  is 
charged  for  separately  by  adiUtioti  U)  the  premium  rate^  and 
coDverseJy  lowered  by  improvements  in  construction  or  pro- 
tection, so  that  the  owner  of  the  property^  through,  such  charges 
or  rebates,  will  feel  du'ectly  the  defects  or  the  safeguards  exist- 
ing in  Ills  property. 

Scheduler  in  common  use  include  the  Universal  Mercantile 
Schedule,  ami  those  based  on  it,  Manufacturing  Schedules  and 
Ihe  Dean  Schedules, 

These  schedules  vary  more  or  less  in  their  method  of  operation, 
but  essentially  they  are  similar,  since  tJicy  are  all  based  on  thij 
principle  of  discrimination  between  individual  risks  by  a  system 
of  itemized  ratings, 

A  properly  drawn  rating  schedule  is  a  convenient  and 
effective  exprci^sion  of  the  vlewi^  uf  underwriters  at  large  upon 
standards  in  materials,  eonstniction  and  protection,  and  is,  there- 
fore^ a  guide  to  architects  and  builders  who  desire  to  follow 
the  best  methiMls  uf  fire  prevention.  It  is  iilso  educational  to 
the  public,  and  has  frequently  to  my  knowledge  intluenced  the 
idoptioQ  of  better  [)uilding  laws^  following  the  principles  laid 
down  in  the  schedule.  It  seems,  therefore,  that  such  a  system 
fihould  be  considered  a  most  important  ally,  and  ahnost  indis- 
pensable to  the  other  and,  perhaps,  better  known  branches  of 

1  eBtenti£c  fire  prevent  if  m^  R'presenlmg  as  it  mu.st  the  best  thought 
of  all  wbo  are  interested  in  that  subiect,  whatever  may  be  their 

'  lirofeasion.* 

The  **Uiil?ersaI  Mercantile  Hcliedule,"  —  The  first  really 
scientific  schedule  was  prepared  and  published  under  the  above 
title  by  Mr.  Francis  C,  Moore,  then  president  of  the  Continental 
,  Fire  Insurance  Company  of  New  York.  As  its  name  implies, 
^''Universal  Schedule"  m  intended  for  universal  use  in  eatab- 
Bg  rates  of  insurance  for  inercantilo  buildings  and  their 
IcntBf  being  adaptable  to  any^  locality.  The  following  brief 
ription  of  this  schedule  is  taken  from  the  previously  quoted 
[address  by  Mr.  Wilmerding: 

A  et^indarii  for  a  city  is  first  established,  that  is,  in  rela- 
te its  water  en p ply,  municipal  fire  depart m en t^  width  of 
and  general  construction  with  reference  to  cc^nfiagraticm 

^  Btee    •*Fin'  Prevention  through  Sehcfliile  Rating,"  by  H-  Wilmerding, 
PfcftptAfy  Philttdefphia  Fire  tlnderwritera'  Aaaoeijiijon,  1&03  Intematiooal  Fina 
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hazard.     Then  a  standard  type  of  building  is  prescribed,  includ- 
ing such  individual  fire  protection  as  should  be  installed.     With    - 
these  two  standards  established,  a  basis  or  key  rate  for  a  stand-    ^ 
ard  building  in  a  standard  city  is  determined  upon.     This  basis    ; 
or  key  rate  is,  in  a  general  way,  indicative  of  the  experience  of     - 
the  fire  loss  on  such  a  building  in  the  country  under  ^consider-     - 
ation,  and  I  would  here  call  attention  to  the  value  of  properly 
collated  statistics  in  determining  what  such  basis  rate  should  be. 
Please  also  note  the  value  of  the  tests  and  standards  of  the    ^ 
British  Fire  Prevention  Committee,  the  National  Fire  Protec- 
tion Association  of  the  United  States  and  sister  organizations,    -= 
in  establishing  the  standards  for  water  supply,  fire  departments,     - 
construction  and  protection  of  buildings;  and  note  the  power  of     " 
the  underwriter  to  force  the  adoption  of  such  standards  by  in-    ^ 
creasing  the  rate  of  premium  for  deviations  therefrom,  which 
course  is  fully  warranted  because  such  deviations  must  in  the    ■' 
end  inevitably  result  in  increased  losses  for  the  insurance  com- 
panies.   As  a  city,  therefore,  approaches  or  departs  from  the 
standards  laid  down  for  a  city,  so  will  the  basis  rate  for  a  stand- 
ard building  in  that  city  be  smaller  or  greater. 

To  whatever  basis  rate  is  so  found  are  added  charges  for 
deficiencies  from  standards  of  construction  for  each  building. 
The  features  considered,  and  for  which  graded  charges  are 
established,  embrace  the  quality  and  thickness  of  walls;  height 
of  parapet  above  roof;  character  and  material  of  roof;  blind 
attics  and  concealed  spaces;  thickness  of  floors  and  supporting 
beams  or  joists;  ceilings  or  side  walls  sheathed  with  combustible 
materials;  area  of  ground  floor;  height  of  building;  openings  in 
floors  for  elevators,  stairways,  well  holes,  dumb-waiters,  etc. 
and  their  protection;  skylights  of  thin  glass  with  wood  frames; 
wood  cornices,  cupolas,  dormer  windows,  awnings,  etc. ;  methods 
of  lighting  and  heating;  construction  of  chimneys;  condition  and 
width  of  street  on  which  building  stands;  overhead  telegraph 
and  other  wires  to  interfere  with  operations  of  fire  department; 
number  of  tenants;  age  of  building  and  its  condition;  wooden 
additions  and  extensions  to  building;  stone  or  unprotected  iron 
columns,  or  brick  piers  with  bond  stones  if  carrying  important 
loads,  etc.  When  the  sum  of  these  deficiency  charges  is  added 
to  the  basis  rate,  we  arrive  at  a  rate  for  the  building  unoccupied 
and  without  individual  fire  protection. 

A  charge  is  then  made  for  any  additional  hazard  caused  - 
by  the  occupancy  of  the  building.  This  charge  has  already  ■'- 
been  established  for  about  thirteen  hundred  different  occupan-  e^ 
cies,  and  the  different  occupancy  charges  are  carefully  graded  ^ 
according  to  the  ignitibility,  combustibility  and  susceptibility  n 
of  the  merchandise.  I  would  again  point  out  the  close  relation  cr 
of  this  charge  to  classification  statistics. 

The  occupied  building  rate  is  then  subject  to  prescribed  W 

percentage  deductions  for  different  features  of  protection  whifh  ^^ 

may  be  incidental  to  each  building,  such  as  proximity  to  pubfie  if^ 

hydrants  and  size  of  street  water-mains;  automatic  fire  alarm  ia  jigc 
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ling;   cheraicaJ  fire  enginrs  available;  fire  escapes;   casks  of 

and  fire  buckets;   interDal  ami  external  standplpes^  with 

[juate  wiiter  pressure  and  sufficient  hoi*e  of  standaiid  siae  and 

^ty;  accessibility  af  the  building  to  the  fim  departnient,  and 

[ proximity  to  fire  engine  house,  etc.;    basement  and  sub- 

ar    spriaklere,    whether    automatic   or   controlled    by   hand 

re;    occupancy  of  the  building  by  one  or  more  families  for 

bUing  purposes  above  the  graile  floor,  or  office  occupancy; 

^ate   watchman,   with  or  without  watchman's  clock;    roof 

its  with  adequate  wat4?r  pressure  and  sufficient  hose  of 

'  mzo  and  fjuality;  floor  beams  and  girders  so  arranged 

self-releAsmg  from  walla  when  burned  through,  thus 

_^  the  walb  of  the  stmin  from  the  otherwiiM*  unsupported 

or  girders;    unusual  numljcr  of  fire  engines  available  at 

i^  fire  on  account  of  favourable  location  of  Imilding  ;  water 

er  or  fire  boats  available  at  any  fire  in  Inulding;   number  of 

clive  fire  streams  available  with  adefiuate  gravity  pressure; 

I  e^juipment  of  automatic  sprinklers^  etc.     These  percentage 

juctionH  for  standard  equipments  answer  the  same  puri>ose  as 

j-gcs   for  deficiencies  from  standards,  credit  for  protective 

lures  being  given  in  tliat  form  on  the  theor>^  that  the  added 

protection  mluct^  the  hazard  of  each  item  which  goes  to 

fce  up  the  building  rate  by  an  equal  proportion,  and  of  course, 

bre  standards  have  been  estabhshed  for  protective  devices, 

fiat  ions  from  such  standards  are  taken  care  of  by  reduced  per- 

tage  allowances,  or  no  allowance  at  aU,  as  each  case  merits. 

Finally,  there  is  added  to  the  rate  at  this  p<iint  whatever 

^tieocssary  to  cover  the  hazard  from  exposures  without,  and 

^i  charges  for  poor  condition  of  premise!*  or  faults  of  manage- 

nent  as  are  warranted,  and  the  result  is  the  rate  for  insurance 

I  tho  liuilding  on  the  biisia  of  the  insurance  carried  being  equal 

^50  per  cent,  of  the  value.     If  the  amount  of  insurance  is 

ttter  than  50  per  cent,  of  the  value  of  the  property  a  graded 

entage  deduction  from  the  schedule  rate  is  permitted  for 

ii  per  cent,  of  excess  over  50  per  cent.,  and  siioilurly,  if  the 

lOunt  of  insurance  is  less  than  50  per  cent,  of  tlu;  value,  the 

duJe  rate  is  increased  by  a  graded  percentage,  the  policy 

ct  being  drawn  in  each  eiisa  upon  a  specified  pro]Xirtion 

^lurance  to  value.     The  rate  for  contents  of  the  building  is 

ned  l>y  adding  to  the  occupied  building  rate  a  charge  suffi- 

^i  to  cover  the  additional  susceptibility  to  damage  by  fire, 

and  smoke  of  the  contents  over  the  building,  subject  to 

modifications  as  apply  to  contents  only.     TlxL?  suscepti- 

iy  charge  has  already  been  established  for  each  of  the  thir- 

i  hun^ired  occupancies  already  referred  to. 

From    this  l>arc  outline  of    the   plan  of   the    ^Universal 

Miule'  it  wifl    be  se(*n  what  a  stupendous  work  has   been 

ompli^htKl  by  its  tujthor,  especially,  a^  all  the  points  of  the 

while  were  submittt^l  to  hundreds  of  experts  for  criticism  l>e- 

ti+^ing  adopted,  and.  thert'fore,  represent  the  ransensua  of 

minds.    That  avhetlule  is  bow  used  for  making  the  ratea 
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for  mercantile  buildings  in  New  York,  Boston  and  several  other 
cities,  having  been  adapted  to  the  conditions  existing  in  each 
city,  and  is  the  basis  of  many  other  schedules  now  used;  in  fact, 
it  can  be  stated  without  fear  of  contradiction  that  no  rating 
schedule,  if  properly  made,  can  hereafter  escape  the  influence 
of  the  *  Universal  Schedule.' 

There  is  also  a  schedule  for  rating  so-called  fireproof  build- 
ings by  the  same  author,  which  is  drawn  upon  the  same  general 
lines. 

Manufacturing  Schedules.  —  The  schedule  for  rating  manu- 
facturing buildings  goes  somewhat  further  into  detail  than  the 
mercantile  schedule,  but  its  arrangement  is  somewhat  simplified 
by  transposing  the  allowances  for  protective  features  from  de- 
ductions at  the  end  of  the  schedule  to  credits  at  the  beginning, 
which  can  in  that  way  be  applied  to  each  item  of  the  schedule 
charges  as  they  are  made,  thus  showing  at  a  glance  the  net 
charge  made  for  each  deficiency.  While  there  may  be  a  few 
classes  of  factories  that  could  not  properly  come  under  a  general 
schedule  of  this  kind,  because  owing  to  the  nature  of  the  work 
carried  on  they  require  buildings  especially  adapted  to  their 
particular  processes,  of  manufacture,  a  very  large  majority  of 
factories  are  well  housed  in  such  a  building  as  has  been  adopted 
for  the  standard  of  this  schedule,  and  can,  therefore,  be  so  rated, 
provided  the  hazards  of  manufacturing  incidental  to  each  class 
of  factory  are  separately  treated.  By  this  plan  we  retain  the 
advantages  to  be  derived  from  having  but  one  standard  for 
the  construction  of  a  factory  building,  which  may  be  used  for 
almost  every  process  of  manufacture.  The  hazards  incidental 
to  different  processes  of  manufacture  are  clearly  features  of  the 
occupancy  of  the  building  and  should,  therefore,  be  treated  in 
connection  with  the  occupancy  charge  which  is  added  to  the 
rate  found  for  the  unoccupied  building,  which  rate,  as  explained 
in  the  case  of  the  mercantile  schedule,  is  composed  of  the  basis 
rate  for  the  standard  building  in  any  given  city  or  town,  and  the 
charges  for  deviations  from  standard  in  the  construction  of  the 
building.  In  estabhshing  the  occupancy  charge  for  any  par- 
ticular class  of  manufacture  it  is  necessary  to  first  adopt  stand- 
ards for  all  processes  entering  into  such  manufacture  and  to 
make  the  occupancy  charge  apply  only  to  a  plant  where  all  the 
processes  are  conducted  in  a  standard  'manner,  and  any  devia- 
tions from  the  standards  adopted  for  each  process  must  then  be 
charged  for  separately  and  be  added  to  the  occupancy  charge. 
This  is  accomplished  by  the  adoption  of  a  schedule  of  charges  for 
such  defects,  which  virtually  becomes  a  separate  schedule  within 
the  schedule  for  determining  the  proper  occupancy  charge  for 
any  particular  factory.  These  occupancy  schedules,  so  to  speak, 
have,  for  want  of  a  better  name,  been  called  ^coupons,*  and  wo 
have,  for  example,  a  boiler-house  coupon,  a  wood-worker  coupoiif 
a  metal-worker  coupon,  etc.  When  the  proper  full  occupancy.^ 
charge  has  thus  been  ascertained  by  means  of  the  coupon,  thi-^t 
schedule  can  be  applied  in  the  rating  of  a  manufacturing  building  |» 
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in  the  same  maimer  as  in  the  case  of  a  mercantile  building 
already  explained. 

Example  of  Rating:  An  example  of  rating  as  practiced 
by  the  Boston  Board  of  Fire  Underwriters  for  an  actual  Boston 
building  of  "fireproof"  construction,  occupied  partly  by  offices 
and  partly  by  light  manufacturing  concerns,  is  as  follows: 

Bating  Slip.  —  Fireproof  BuUding. 

No Street. 


Kit  Rate 

Walls.  —  286,  if  skeleton  construction,  wrought-iron  or  steel  vertical 
■t^ports  (no  charge  for  cast  iron),  cliarge  5  cents;  287,  average 
thwikneBH  of  two-side  or  bearing  walls  (or  either  of  them),  less 
than  twenty  inches  (obtained  by  adding  thickness  of  various 
stories  and  dividing  by  the  number),  charge  for  each  inch  of  de- 
fidency  2  cents;  if  any  portion  of  wall  less  than  twelve  inches, 
double  the  charge;  288,  if  front  or  side  walls  of  stone  or  veneered 
with 8t(Mie  ashlar,  plain  or  "  axed  "  finish,  charge  1  cent;  if  carved 
or  (Hnamental,  2  cents;  289,  bricks  or  mortar;  poor  quality,  20 
cents;  290,  columns  and  lower  flanges  of  beams  unprotected  (no 
charge  in  office  or  hotel  buildings),  5  cents. 

Wooien  Ceiling.  —  291,  Wood  or  strawboard,  etc.,  one  story,  1  cent; 
each  additional,  one-half  cent;  202,  side  walls,  woo<i,  etc.,  one 
atory,  1  cent;  each  additional,  one-half  cent. 

Ant.  —  293,  5000  sq.  ft.  to  10,000,  each  1000  in  excess  of  5000,  \  of 
I  cent;  294.  if  over  10,000  sq .  ft.  each  1000  in  excess  of  10,000, 4  cents. 
(Not  exceeding  a  total  of  40  cents.) 
(If  building  occupied  exclusively  above  grade  floor  for  oflfices  or 
dwellings,  no  charge  for  area. ) 

(Note.  —  If  mercantile  building  exceeds  ten  stories,  double 
area  charge.) 

BeiglU.  —  295,  For  each  story  over  eight  up  to  twelve,  charRC  1  cent. 
(Office  buildings  may  be  ten  stories  witliout  charge.) 

296,  twelfth  story  and  each  story  over  twelve  up  to  fifteen,  3  cents. 

297,  fifteenth  and  each  story  over  fifteen,  charge  10  cents. 

If  merchandise  stored  above  seventh  floor,  charge  15  cents,  and 
add  2  cents  more  for  each  floor  over  seventh  up  to  tenth,  and  5 
cents  more  for  tenth  and  each  floor  above  tenth.  For  example, 
an  eleven-story  building  would  have  29  cents  added. 

Iron  Fronts.  —  298,  Not  backed  up  solidly  with  bricks  and  mortar, 
3  cents. 

fototor.  —  299,  Not  cut  off  according  to  standard,  but  in  hallway 
or  aclosed  court,  etc.,  3  cents  (oflice  building,  charge  1  cent); 
300,  open,  6  cents  (office  building,  charge  3  cents); 
SOl.eiiclosed  in  wood,  10  cents  (one-half  charge  for  oflTice building). 
(Note.  —  If  elevator  and  stain^ay  in  one  shaft  or  opening,  one 
charge  for  the  two.    For  each  additional  elevator  not  cut  add  2 

CCDtS.) 

S^rvcays.  —  302,  Not  cut  off  except  by  lath  and  plaster  hallway, 
etc.,  3  cents.  (No  charge  in  building  occupied  cxolu.sively  above 
pade  for  offices  or  dwellings.) 

303,  if  enclosed  in  wood,  5  cents  (one-half  charge  in  ofTioe  bldg.). 
W,  op«i,  charge  1  cent  each  floor  not  exceeding  a  total  of  7  cents 
in  mercantile  building  and  2  cents  in  office  building;  305,  if  at  least 
one  stairway  is  not  fireproof  (no  charge  for  hard-wood  treads), 
charge  as  many  times  2  cents  as  the  building  has  floors. 


lii 


/ 


No. 
286 


295 


Charge 
S6.0 
05. 


304 


02. 


07. 


01. 
01. 
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(One-half  charge  for  302,  303,  or  304  if  charge  has  been  made  for 
299,  300  or  301.)  For  each  additional  stairway  add  one-fourth 
charge. 

Stairway  and  elevator  same  shaft  or  opening,  one  charge  for  the 
two. 

Well  holes,  etc.  —  306,  Open  for  each  floor  pierced,  1  cent.  (No 
charge  in  office  building. ) 

Wooden  Chutes,  Ventilaiing  Shafts,  Dumb  Waiters  (unless  brick  shaft). 
Etc.  —  307,  each  floor  pierced,  one-fourth  cent. 

Note.  —  No  charge  need  be  made  for  openings  for  steam  and 
water  pipes  if  the  space  around  the  pipes  is  filled  in  with  mineral 
wool,  asbestos  or  other  incombustible  material,  or  otherwise  ar- 
ranged to  prevent  draughts  and  prevent  leakage  of  water  to  floor 
below. 

Skylights.  —  308,  Exceeding  nine  square  feet,  for  each  nine  square 
feet  (not  exceeding  total  of  10  cents),  1  cent;  309,  if  covered  with 
strong  wire  netting,  one-half  charge. 
(If  metallic  frames  and  heavy  deck,  or  prismatic  glass,  no  charge.) 

Street.  —  310,  If  street  on  which  building /ronte  is  less  than  sixty  feet 
wide,  but  over  fifty  (unless  opposite  side  vacant),  2  cents. 
311,  if  under  fifty  feet,  for  each  five  feet  under  fifty,  2  cents. 

Overhead  Wires,  Telegraph,  Etc.  —  312,  Sufficient  to  interfere  with 
working  of  fire  department,  according  to  quantity,  not  less  than 
one-half  cent. 

Number  of  Tenants.  —  313,  Each  in  excess  of  one,  exclusive  of  office 
and  dwelling  tenants,  1  cent. 

Lighting.  —  314,  If  by  electricity,  system  and  installation  in  com- 
pliance with  underwriters'  rules,  add  1  cent.  (If  not  in  compliance, 
see  No.  388,  page  60.) 


No. 


Charge 


818 
814 


320,  Result  rate  on  building  unoccupied 

Add  for  occupancy — (one-half  amount  in  first  column  of  table,  page  36). 
(Select  charge  for  most  hazardous  occupancy.) 
322,  Result  rate  on  building  occupied 


25. 
01. 


70. 
7.5 


77.6 


Deductions  for  Fire  Appliances,  Etc.,  on  Buildings. 

340,  one  hydrant  supplied  by  8-inch  water  main,  within  300 
feet,  4% 

341,  two  or  more  hydrants  within  300  feet,  6% 

342,  if  said  water  pipe  be  fed  at  both  ends  by  mains,  4%  (10% 
in  all) 

344,  standpipe,  external  with  Siamese  connections,  for  use  of 
fire  department,  3% 

345,  standpipe,  internal,  with  tank  supply,  1% 

348,  if  building  occupied  exclusively  for  offices  or  dwellings, 
or  both,  20% 

349,  if  occupied  exclusively  for  offices  or  dwellings,  or  both, 
above  grade  floor,  10% 

350,  roof  hydrants,  1% 

351,  if  floors  waterproof  and  arranged  to  carry  off  water,  5% 

Total  deductions 

Exceptional  City  Fire  Department.  —  184,  extra  steamers,  ^  of 
1%  for  each  one  in  excess  of  five  (not  exceeding  a  total  of 
20%);  185,  water  towers,  if  one,  2i%;  if  two,  5%;  186,  fire 

boat,  5% 

These  percentages  of  last  net  amount.    Total 


No. 


340 
341 


Per 

cent. 


10 


01 


1841 
185  { 


11 


23 


8.6 


69.0 
16.9 


^esuii.  —  Net  rate  on  building  occupied,  unexposed. 
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Of  more  chemical  ensbfls  on  wh«eb,  5%. .,..,.,.,, 
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sasEmeiit,  dedue^  3% , .  ...*.*...*.,*...... , . , 

al  deductiom.  ,,.,*.****,,.*,♦.„, ,,,...*..»  h 
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1  fnotQicHiding  15%  iti  all);  230,  wutar  tower,  if  one, 
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Floor. 

i. 

f 

F 

IB^ 

Ocoapancy 

WJi 

Unoccupied 
buildme. 

WJB 

Block. 

ttJI 

Fbor, 

Eicesfl, 

UIJO 

HesulL 

'  Pita 

L    appliances. 

38.7 

1  laS^         Result.            1 

1 

17.1 

14' ;  r\r.-pp- 

aa^i* 

imM 

Eesult. 

ii.« 

3i.l 

m%  Ida. 

fi«^ 

T0,1    j    Heault. 

15J 

li.i    1    Ejcposura. 

43.a 

es-e      rtewk. 

t 

FauJta  of 

Net. 

*  In  the  above  rating  of  occupants  one  light  manufacturing  tenantry  c 
is  given  as  an  example.  All  other  tenants  are  similarly  rated,  accordinj 
their  hazard  of  occupancy,  but  the  final  rate  is  governed  by  the  hazard  of 
most  dangerous  occupant. 
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JUtliig  Organizations.  —  In  former  years,  each  fire  ioflur- 
I  aoce  company  deterralned  its  own  rate^,  but,  with  the  growth 
I  of  busiDcas,  liability  and  competition,  the  need  of  broader  data 
I  and  collective  experience  led  to  the  organization  of  the  ** local 
boanj  "  by  the  insurance  companies  of  a  city  or  locahty.  The 
j  original  piirpo«^  of  the  local  board  wa^  simply  to  make  rates 
I  for  its  constituent  companies,  but  again^  under  a  process  of 
I  gradual  development,  the  local  lK)ard  (variously  called  Board 
lof  Fire  Underwriters,  or  Fire  UndcrwTiters'  Association,  etc*) 
inot  only  determines  rates  at  the  present  time  for  its  component 
[fompanies,  but  acts,  as  well,  as  a  bureau  of  information  where 
[ownen?,  archit^ttii  and  builders  may  obtain  specilic  data  regard- 
ling  the  effects  on  rates  of  all  matters  pertaining  to  the  con- 
I  struct  ion,  occupancy  and  protection  of  buildings,  or  to  contents* 
|8uch  information  is  furnished  for  existing  structures,  or  for 
I  prospective  buildingH,  tf)  the  end  that  each  owner  or  tenant  may 
[epcure  the  lowest  possible  rating,  provided  he  fulfils  the  require- 
l  dents  of  the  board. 

In  addition  to  inspections  of  property  to  determine  new  ratings, 
Itlie  local  board,  through  its  inspection  department,  makes  more 
lorL^s  frequent  inspections  of  all  property  witbin  its  jurisdiction 
I  lor  the  purpi>se  of  noting  ''defet^Ls^'  or  changes  of  occupancy 
,  which  have  any  bearing  on  the  hazards. 

Aa  an  e3tample  of  the  functions  of  a  local  board  of  under- 
I  writera^  the  following  quotation  from  the  constitution  of  the 
I  Philadelphia  Fire  Underwriters'  Association  is  of  interest: 

TIjc  object  of  this  association  shalJ  be  the  reduction  of  the 
fir^  waste  m  the  City  of  Philadelphiaf  the  establishment  of 
\\tsi  and  fair  rates,  limited  and  perpetuab  whereby  the  cost  of 
Ihe  insurance  may  be  equital>ly  distributed  among  all  claesea 

'  *  ifacturen*,  merchants,  private  householders  and  others, 

purpose  the  association   will  f^tablish   a  system   of 
^:l  and  minimum  ratings,  giving  the  best  risks  the  lowest 
and  adding  specific  rli:irp;(^  for  all  deficiencies  from  re- 
1  stanrlards,  making  red  in  t  ions  from  such  rates  when  defi- 
'^invrjo'  chargeil  for  are  eiiminittf*<lp  and  also  providing  rules  for 
i>tulriting  the  practices  of  the  business  of  fire  underwriting  in 
^tiie  Uity  of  Philadelphia* 

Eurh  local  board  is  under  the  direct  control  of  its  constituent 
^i^niliiuiit^a,  through  an  executive  coniinittee.     The  organization 
;ird  usually  comprises  a  secretary,  a  superintendent  of 
and  a  superintendent  of  inspection* 
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The  National  Board  of  Fire  Underwriters.  —  Tho  lack  i 
the  United  State^i  <jf  such  governmental  super  vision  as  \a  giv^ 
by  Engliiud  and  tseveral  contineutal  nalkins  to  questious  of  ! 
prevention  and  fire  protection,  has  naturally  led,  through 
law  of  self-preservation,  to  the  conibiniition  or  cooperation  i 
insurance  companies.     This  has  bvi'.n  effected,  as  far  os  ratlj 
ete.  is  concerned,  through   the  local  Ixiard,  as  previously 
scribed,  and,  also,   in  a  broader   way^  through   the   Natio 
Board  of  Fire  Unden?^Tile.rs.     This  association,  which  now 
eludes  one  hundred  and  twenty-four  insurance  companies  in  iU" 
membership,  declares  ita  objects  and  purposes  to  be  as  followsy 

lat.  To  promote  harmony^  correct  practices  and  the  pd 
ciplea  of  sound  underwriting.  To  devise  and  give  effect  I 
measures  for  the  protection  of  the  common  interests,  and 
promotion  of  such  laws  and  regulations  as  will  secure  stabili 
and  solidity  to  capital  employed  in  the  business  of  fire  insi 
ance,  and  protect  it  against  oppressive,  unjust  and  discru 
tive  legislation. 

2d.  To  repress  incendiarism  and  arson  by  coffibining  1 
Buitable  measures  for  the  apprehension,  conviction  and  pu  *"' 
ment  of  criminals  guilty  of  that  crime. 

3d.  To  gather  such  statistics  and  establish  such  classifi^ 
lion  of  hazards  ajs  may  be  for  the  interest  of  members, 

4th.     To  secure  the  adoption  of  urn  form  and  corjc?ct  poli 
forms  and  clausej?  and  to  endeavor  to  agree  upon  such  ruli^  ; 
regulations  in  reference  to  the  adjustment  of  losses  as  may  J 
desirable  and  in  the  interest  of  all  concerned, 

5th,  To  influence  the  introduction  of  improved  and 
methods  of  building  construction,  encourage  the  adoption  of  j 
protective  measures,  secure  efficient  organization  and  equipmfii 
of  fire  departments  with  adeijuate  and  improved  water  syate 
and  establi.sh  rules  detsigned  to  regulate  all  hazards  constitut 
a  menace  to  the  business.  Every  member  shall  be  in  hon 
bound  to  cooi>erate  with  ever>'  other  member  to  accomplish  ' 
desired  objects  and  purposes  of  the  Board. 

The  carrying  out  of  the  above  purposes  ia  principally  < 
through  standing  committees  and  their  work  as  follows:* 

A  committee  on  finance. 

A  committee  on  laws,  which  takes  charge  of  all  !egal  and  1^ 
lative  matters  which  concern  the  interests  of  all  companies. 

A  committee  on  incendiarism  and  arson,  which  authofi 
offers  of  reward  for  the  detection  and  conviction  of  incendia 

♦  For  a  mora  detailed  account,  see  "Tho  National  Board  of  Firo  Vn 
WTitera^  Its  oarly  History,  together  with  a  Statement  of  ita  Present  WcK 
by  George  W,  B&bb,  VioB-Pretaident. 
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The  AiBon  Fund  has  been  in  ezistenoe  for  over  thirty  yeais, 
and  of  6000  xewards  offered,  490  oonviotions  have  been  (secured. 

A  ODimnittee  on  statistiGS  and  origin  of  fires,  which,  for  many 
yean,  has  oompiled  and  published  statistics  of  fires  in  American 
otieB  of  a  population  of  20,000  and  upwards.  In  1905  this 
eommittee  induced  the  United  States  Government  to  require 
its  oodbuIb  abroad  to  obtain  statistics  of  fires  in  the  cities  and 
eoimtries  to  which  they  were  accredited,  with  the  result  that  a 
wpedal  ODDBular  report,  "Insurance  in  Foreign  Countries,"  was 
pobyahed  in  1905. 

A  oanunittee  on  fire  provention,  which  has  been  engaged  in 
the  work  of  investigating  conditions  pertaming  to  the  water 
npplyy  fire  d^xurtments,  and  structural  conditions  of  cities. 

From  1890  to  1904  the  committee  on  water  supply  and  fire 
department  had  thk  worik  in  charge  with  only  one  inspector  in 
the  BM,  and  during  that 'time  747  cities  or  towns  in  38  different 
statee  were  visited  and  reports  issued  thereon. 

After  the  Baltimore  nre  in  1904  the  Committee  of  Twenty 
wm  appointed  and  the  force  to  cany  on  the  work  largely  in- 
enased,  about  fortv  (office  and  field}  men  being  emploved. 
The  woric  continued  on  this  scale  for  two  vears,  during  which 
time  48  cities,  many  of  the  number  being  the  larger  ones,  were 
inspected. 

In  1906  these  two  committees  were  merged  into  one,  under 
the  title  of  the  Conmiittee  on  Fire  Prevention,  with  a  force  of 
about  20  (office  and  field)  men,  and  during  the  two  years  ending 
in  May  last  75  cities  were  inspected  upon  which  reports  were 
issued. 

Since  the  inauguration  of  the  work,  over  900  cities  and  towns 
have  been  inspected  and  reported  upon. 

A  committee  on  lighting,  heating  and  patents,  having  in  charge 
devices  for  lighting  and  heating  and  the  proper  rules  for  enforce- 
ment r^arding  same. 

A  conamittee  on  construction  of  buildings,  which,  with  the 
aid  of  architects,  has  prepared  the  building  code  mentioned  in 
Chapter  II,  page  32.  The  appointment  (1910)  of  Professor 
Lra  H.  Woolson  as  an  expert  to  carry  on  the  work  of  this  com- 
mittee insures  an  active  prosecution  of  the  betterment  of  mu- 
nicipal building  codes  throughout  the  country. 

A  committee  on  adjustment,  to  secure  uniformity  of  action 
m  withholding  hasty  payments  of  losses  before  payments  become 
doe. 

A  committee  on  abuses  and  forma. 
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In  addition  to  the  above-mentioned  standing  committees, 
there  has  been  a  special  committee  of  consulting  engineers  in 
charge  of  all  lighting  and  heating  hazards  other  than  electricity. 
The  tests  and  reports  upon  these  subjects,  made  by  the  Under- 
writers' Laboratories,  Incorporated,  are  passed  upon  by  this 
committee,  which  then  prepares  and  issues  standard  specifica- 
tions regarding  such  hazards.  These  standards  are  widely 
accepted  as  authoritative,  even  outside  of  insurance  circles. 
The  range  of  subjects  includes  Acetylene,  Calcium  Carbide, 
Coal  Gas  Producers,  Fuel  Oil,  Gas  and  Gasolene  Engines,  Gaso- 
lene Lighting  and  Stoves,  Grain  Dryers,  Storage  of  Inflammable 
Fluids,  Kerosene  Oil  Pressure  Systems,  and  Moving  Picture 
Films.  Up  to  1910,  this  committee  had  passed  upon  over 
1100  laboratory  reports  on  such  subjects.  This  committee  of 
consulting  engineers  has  lately  been  merged  into  the  National 
Fire  Protection  Association. 

The  Underwriters'  Laboratories,  Incorporated,  (described  in 
Chapter  V,  page  119)  is  principally  supported  by  and  under  the 
direction  of  the  National  Board,  which  is,  therefore,  the  chief 
central  organization  of  fire  insurance  interests  in  the  United 
States.  The  National  Board  promulgates  to  its  members  those 
standard  rules  and  regulations  formulated  by  its  committee  of 
consulting  engineers,  or  recommended  by  the  National  Fire 
Protection  Association,  and  also  lists  of  manufacturers  making 
materials  or  devices  which  are  approved  by  the  Underwriters' 
Laboratories. 

The  Underwriters'  National  Electric  Association  was 
formed  several  years  ago  at  the  suggestion  of  the  National  Board. 
This  association  is  composed  of  the  electrical  experts  in  the  em- 
ploy of  the  several  Underwriting  Associations  and  Inspection 
Bureaus  throughout  the  country,  who  formulate  uniform  rules 
designed  to  minimize  the  hazard  of  electricity.  The  electrical 
committee  of  that  association  reports  its  recommendations  from 
time  to  time  to  the  National  Board,  which,  after  approval, 
promulgates  the  same  under  the  designation  "National  Electrical 
Code."  This  code  is  almost  invariably  accepted  as  standard. 
Since  early  in  1911,  this  association,  also,  has  been  merged  into 
the  National  Fire  Protection  Association. 

The  National  Fire  Protection   Association  was  formed 

November  6,  1896,  as  a  result  of  the  wide  divergence  of  ideas 

and  non-uniformity  of  practice  then  existing  on  the  part  of 
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erwriters,  inspection  bureiias,  and  other  insurance  organ!- 
ona  throughout  the  United  States.  The  object  of  this 
iciation  is  *'to  bring  together  the  experience  of  different 
ions  and  diffen^nt  hoiUes  of  underwriters,  to  come  to  a  mutual 
erstanding,  and,  if  pohisible,  an  agreement  on  general  prin- 
ts governing  fire  protection;  to  harmonize  and  adjust  differ- 
p,  so  that  we  may  go  before  tlie  public  with  uniform  rulea 
conditions  wliich  may  app<3al  to  their  judgment."*  The 
ciation  does  not  consider  the  subjects  of  insurance  raloa  or 
peaaation  to  agentj3» 

liile  the  primarj'^  object  of  this  association  was  to  harmonize 
^andardize  various  insurance  practice's,  its  continued  growth 
influence  hn^  gradually  led  to  broader  endeavors,  especially 
g  the  line  of  encouraging  all  matters  pertaining  to  fii-e  pre- 
lion  and  fire  protection.  Tlie  publicity  campaign  inaugu- 
J  by  this  assticiation  has  been  previously  mentioned. 
be  following  extract  from  the  "articles  of  association"  define 
TCJgcta  and  membership  of  the  organization: 

^BbcLE  1.  — This  organization  shall  be  known  as  the  Na- 
il Fire  Protection  Association. 

Article  2,  —  The  objects  of  this  association  shall  be  to 
ftote  the  science  and  improve  the  methods  of  fire  protection 
prevention;  to  obtain  and  circulate  information  on  these 
ects  and  to  secure  the  cooperation  of  its  mem]>ers  in  estab- 
pg  proper  safeguards  against  loss  of  life  and  property  by 

Article  3.  —  Memljership  shall  consist  of  (^/)  Active,  (6) 
leiate,  (c)  Subscribing,  and  {d)  Honorary.  It  is  understood 
I  through  membership  none  is  pledged  to  any  course  of 

(a)  Aclive  Members. — -  Xational  Institute^  Societies  and 
teiatioQS  interested  in  the  protection  of  hfe  and  property 
nst  loss  by  fire;  State  Associations  whose  principal  object 
le  reiluction  of  fire  waste;  Insunince  Boiinls  and  Insurance 
K'ialions  liaving  primary  jurisiliction  shall  be  eligible  for 
ire  membership.     Annual  dues  shall  be  S15- 

(6)  Associate  Membfrs.  —  National,  State  and  Municipal 
artments  and  Bureaus^  Boards  of  Trade,  Cliambers  of  Com- 
Ee  and  similar  business  men's  associations;  Insurance  Boards 

Insurance  Associations  nut  eligible  for  active  membership; 
vidual  members  of  the  organizations  represented  in  ilie 
re  or  associate  membership;  IiHUvi<luals  engaged  in  the  fire 
ranee  business  shall  be  eHgible  for  associate  memberahip. 
'  dues  shall  be  $5, 


U.  C.  Crosby,  report  of  exeeutive  tyommiiiQe,  at  First  Annual  M«etmc. 
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(c)  Subscribing  Memhtrn,  —  IndividualSp  firms  and  corpK 
rations  irilori^ted  in  the  protection  of  life  and  proptuly  agaiiifl 
loss  by  fire  siiall  bo  eligible  for  Hubscribing  membership.  Ansu' 
dues  shall  be  S3. 

The  activ^e  membership  now  inelud*^  over  lunety  of  the  prifl 
cipal  National  InstitiiteHi,  Societies,  Associations,  and  Insuranci 
Boards  of  the  United  States.     Special  committ/ees  investigatj 
a  wide  range  tif  stibjects  pertaining  to  fire  prevention  and  ; 
protection,  and  after  tlio  report-e  of  these  committees  are 
ceptod  at  the  aiinoal  mr^* tings  of  tfie  iissociation,  they  are  j 
accepted  by  the  National  Board  and  published  and  distribut( 
as  National  Board  Standards. 

The  National  Board  officinls  have  long  felt  the  desirability  < 
unifying  the  soarces  from  which  that  body  htis  for  eo  many  ye 
drawn   its  various  eodes  and  standards.     The  National  Fit| 
Protection  As^ieiation  has  furnished  standards  for  all  protectilll 
devices  and  systems;    the  Consulting  Engineers  have  hand 
the  hazards  of  gases  and  ods,  and  the  Underwriters'  Nation 
Electric   Association    has   been   responsible   for   the    Natioiri 
Electrical  Code.     These    three    standard-making   bodies   hm 
now  been  merged  into  one,  —  the  Natiimal  Fire  Protection  . 
ciatiou  —  and  the  work  of  tlie  two  other  bodies,  which  h&t 
ceased   to   exist   as   detached  organizations^   is  conducted 
special  committees  of  the  National  Fire  Protection  Associatioli 
The  Underwriters'  National  Electric  Association  is  now  entitU 
the  Electrical  Committee,  and  the  Consulting  Engineers 
called  the  Committee  on  Explosives  and  Coinbuatiblea  of 
National  Fire  Protection   Association.     The  personnel  of 
new  committees  is  identical  with  that  of  the  two  former  separa 
bodies,  with  tlie  addition  to  each  of  one  or  two  desirable  membe 
Thus  the  National  Board  has  not  lost  the  benefit  of  tlie  cou 
of  the  n^en  who  so  long  rendered  exceptionally  valuattle  Berviij 
in  the  two  bodies,  and  the  National  Fire  Protection  Associatii 
has  gained  in  influence  and  dignity  by  this  striking  addition  1 
its  responsibilities  ami  such  manifestation  of  confidence  on 
part  of  the  National  Board. 

Speclfleatians,  Rules  and  Hecjulremeiits,  published 
the  National  Board  of  Fire  Underwriters,  ufxin  recommendatid 
of  the  National  Fire  Protection  Association  are  as  foUowa: 
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&UBJECTS. 

Aoetyleiie  Gas  Machines  and  Storage  of  Calcium  Carbide. 

Coal  Gas  Producers  t pressure  and  suction  systems). 

Electric  Wiring  and  Apparatus,  Installation  Rules  (National 
Electrical  Code). 

Electrical  Fittings,  List  of  Approved. 

Fire  Departm«its,  Private. 

Fire  Doors  and  Shutters. 

Fire  Extinguishers,  Ch«nical  (for  other  than  fire  depart- 
ment  use). 

Hre  Hose  for  fire  department  use. 

Fire  Hose,  for  private  department  mill-yard  use. 

Fire  Hoee,  Unlined  Linen,  for  use  inside  buildings. 

Fire  Pumps  (steam). 

Fire  Pumps  (electric). 

Fire  Pumps  (centrifugal). 

Fire  Pumps  (rotary). 

Cras  and  Gasolene  Engines. 

Gasolene  Vapor  Gas  Lighting  Machines,  Lamps  and  S\'s- 
tenas. 

Gasc^ene  Vapor  Stoves,  for  cooking  and  heating. 

Ctrain  Dryers. 

Gravity  Tanks. 

Hose  Couplings  and  Hydrant  Fittings,  for  public  fire  ser\-ice. 

Hose  Houses,  for  mill  yards. 

Incubators  and  Brooders. 

Kerosene  Oil  Pressure  Systems. 

Lightning,  Protection  Against. 

Xitrocellulose  Films  i'storage  and  handling). 

Oil  Storage  (fuel',  storage  and  use  of  fuel  oil  and  construc- 
tion and  installation  of  oil-burning  equipment. 

Oil  Storage  (inflammable),  systems  for  storing  250  gallons 
or  less  of  fluids  which  at  ordinary  temperatures  give  off 
inflammable  vapors. 

Ox>'acet\dene  Heating  and  Welding  Apparatus. 

Railway  Car  Houses  (storage  and  operating)/  Construction 
and  Protection  of. 

Signahng  Systems,  used  for  the  transmission  of  signals 
affecting  the  fire  hazard. 

Skylights. 

Sprinkler  Equipments,  automatic  and  open  systems. 

Steam  Pump  Governors  and  Auxiliary  Pumps. 

Uniform  Requirements  ("slow-burning''  construction,  ''in- 
ferior" construction,  general  hazards,  oil  rooms,  general 
protection,  stairway  and  elevator  closures,  watchmen, 
thermostats,  etc.). 

Valves,  Indicator  Posts  and  Hydrants  for  mill-yard  use. 

Waste  Cans,  Ash  Cans,  Refuse  Barrels,  Fire  Pails  and 
Safety  Cans  for  Benzine  and  Gasolene. 

Wired  Glass  and  MetaJ  WidcIow  Frame  ConstrucUon, 
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Underwriters'  Laboratories,  general  information  in  reference 
to  the  nature  of  its  work  and  the  terms  and  conditions 
under  which  tests  of  fire  appliances  and  materials  are 
conducted. 

Any  or  all  of  the  above  standards  may  be  obtained  gratis  by 
addressing  the  National  Board  of  Fire  Underwriters,  135  William 
St.,  New  York. 

Inspection  Bureaus  are  formed  and  supported  by  the  in- 
surance companies  doing  business  within  a  stated  territory. 
They  perform  for  such  companies  a  systematized  and  centralized 
service  of  inspection,  exactly  as  do  the  local  boards  in  the  matter 
of  rating.  Thus,  if  no  local  board  existed,  each  company  would 
have  to  determine  its  own  rating,  as  has  been  shown.  Similarly, 
if  no  inspection  bureaus  existed,  the  individual  companies  would 
each  have  to  maintain  competent  inspectors,  as  demanded  by 
conservative  underwriting,  to  follow  up  the  hazards  or  defects 
of  risks  imderwritten  by  their  agents  or  general  agent. 

If  a  large  plant,  for  example,  were  insured  in  ten  insurance 
companies,  this  would  mean  not  only  the  maintenance  of  an 
inspection  force  by  each  of  the  ten  companies  to  inspect  from 
time  to  time  the  condition  of  the  risk,  but,  also,  that  the  owners 
of  such  a  plant  would  be  put  to  the  trouble  of  allowing  ten  visits 
of  inspection  from  these  representatives,  each  of  whom,  owing 
to  the  personal  equation  involved,  would  submit  a  more  or  less 
different  report  to  his  company  as  to  defects  to  be  remedied,  etc. 
The  owners  would  then  probably  receive,  at  intervals,  ten  differ- 
ent letters  of  complaint  from  the  companies,  asking  for  various 
corrections  of  defects. 

A  centralized  inspection  bureau,  representing  all  of  the  ten 
companies,  therefore  acts  in  an  authoritative  inspection  capacity, 
making  inspections  at  stated  intervals,  usually  twice  a  year. 
The  results  of  these  inspections  are  then  promulgated  to  all  of 
the  supporting  companies  interested  in  the  risk. 

Mutual  Fire  Insurance  Companies.  —  Reference  is  made 
elsewhere  to  the  wonderful  record  of  manufacturers*  Mutual 
Companies  in  reducing  both  losses  and  rates  (see  Chapters  IV 
and  XXX).  Such  companies  were  the  pioneers  in  the  mattere 
of  protection  or  auxiliary  equipment,  especially  as  regards  the 
development  and  improvement  of  automatic  sprinklers,  and  their 
success  in  this  direction  did  much  to  force  the  stock  fire  insur- 
ance  companies  to  proceed  along  similar  lines  of  protection. 
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The  mutual  coin  parties  were  originally  organized  on  the  assess- 
ment plan,  but,  while  liability  to  the  insured  through  assessment 
ia  still  possible  in  case  of  groat  losses,  the  usual  j^early  losses  are 
covered  by  annual  premiumSj  on  which  dividends  are  paid 
back  to  the  insured  at  the  end  of  the  policy  year.  Such  divi- 
dends are  hased  on  tJic  aniuud  premium  receipts,  less  losses  and 
expenses,  and  80  to  90  per  cent,  dividends  are  not  uncommon. 
Insurance  Is  a  Tai. — While  fire  insurance  ia  undoubtedly 
an  institution  of  great  benefit,  in  tliat  fire  losses  are  distributed 
over  an  entire  community  or  over  the  country  at  large,  instead 
of  upon  individuals^  neverthcle,ss  the  consequent  pro-rat^a  tax 
upon  the  individual  still  remains. 

It  is  a  singular  common tarj-  upon  American  acutenesa 
that  the  citizens  of  the  United  Htales  do  not  yet  discern  that  fire 
iijsurance  is  a  t^ix,  shifted  through  the  buying  and  selling  pro- 
cesses upon  the  entire  communit^^;  that  every  fire  haisard  tends 
to  increase  this  tax,  and  tliat  every  element  of  fire  prevention 
lends  to  lessen  it.  ^lerchants  and  manufacturers  must  ptiss 
along  the  cost  of  insuring  their  goods  to  the  people  who  consume 
those  go<xls,  howe\'cr  this  tax  is  coneealed  in  the  selling  price, 
and  the  amount  of  rent  which  every  man  pays  for  office  or  tene- 
ment is  afferteit  by  the  cost  of  insuring  the  building  occupied. 

The  uninteUigent  legal  attacks  sometimes  made  by  com- 
munities upon  rating  organizations  are  based  upon  the  notion 
that  the  money  paid  by  insurance  f^mpanies  in  settlement  of 
fire  losses  comes  from  some  remote  source,  from  some  inexhausti- 
ble treasure-house  which  has  never  to  lie  refilled.  And  yet  it 
should  be  oiivious  that  insurance  companies  could  not  continue 
in  business  if  losses  were  paid  out  of  their  capital;  if  they  did 
not  lusst^ss  the  losses  paid  to  the  unfortunate  individual  upon  a 
lai-ge  number  of  more  fortunate  individuaLs,  and  through  the 
latter  upon  the  wliole  commonwealth.  In  great  conflagrations 
insurance  companies  have  indeed  paid  their  losses  with  their 
mpital,  sometimes  t^  its  utter  extinction,  or  even  to  an  assess- 
ment upon  their  stockholders  to  meet  honorably  their  obhga* 
tions;  but  such  abnormal  conditions,  if  long  continued,  would 
miike  the  business  of  underwriting  impassible.  Insurance  capi- 
tid  is  merely  a  reservoir  from  which  flows  immediate  relief  for 
the  victim  of  fire,  who,  because  of  this  reservoir,  need  not  wait 
to  recoup  his  misfortune;  but  this  reservoir  must  be  refilled,  and 
kept  full,  if  sure  relief  is  to  flow  to  succeeding  sufferers.* 

But  this  very  fact,  that  the  insurance  tax  is  distributed  over 
the  many  instead  of  directly  upon  the  sufferer  of  the  loss,  often 

*  Franklin  H»  Wentworth,  Secretary  Nationttl  Fire  Protection  Association, 
tn  ■ddre»  before  Ninth  Annual  Meeting  of  TeJtaa  Fire  Prevention  Association, 
1»09. 
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proves  one  great  objection  to  the  institution  of  fire  insurance. 
For  if  each  individual  property  owner  could  be  made  to  feel 
directly  the  total  loss  resulting  from  defects  in  his  property,  as 
is  true  in  some  European  countries  (see  Chapter  I,  page  16), 
the  questions  of  fire  loss  and  fire  protection  would  soon  be 
regulated. 

Some  Insurance  Statistics.  —  In  Chapter  I,  many  statistics 
were  given  concerning  fire  losses  in  the  United  States.  These 
were  considered  only  from  the  standpoint  of  the  loss  or  waste 
involved.  Some  of  these  figures  will  now  be  analyzed  somewhat 
from  the  insurance  view-point. 

The  following  table*  shows  the  risks  written,  premiums  and 
losses,  and  ratio  of  losses,  for  United  States  Insurance  Com- 
panies, from  1860  to  1909. 


Year. 

No,  or 
com- 
ptuueiL 

Fire  riaka 
writtea. 

Firft  preini- 
*  ceivod- 

Fire  los^efl 

Ratio 
Eoasea 
to  IIOO 
of  pro- 
mltLmiL. 

Ratio 

tollOO 
rmkM, 

Am't 
ri&ka 

WTXt- 

ten  to 
SI  .00 

lg80-70 
1871-30 

is8i-eo 

1S9I-0O 
1001 
J902 
1003 
1004 
1005 
lOOfl 
1B07 
1Q08 
IfflJO 

Av. 

142 

m 
las 

112 
110 
112 
114 
112 
120 
126 

m 

131 

m 

34.498.550,6^3 
4&,934,3«1,3M 
6S,440363.M7 
00,853.242,iK^ 
lS,B0i5,0n,581 
14,S7l.479.2f>7 
16,3M.98!1.722 
16,472..?ia,419 
IS.  11 2.29 1, 243 

19,291, ais.ftia 

21.739.513.44S 
21,58!J,707.144 
23.613,622.0,16 

275.713,179 
426.357.520 
6dfl,2fta,362 
S14,475.123 
107,754.3(51 
l2fi.l62,S4a 
135,524,226 
14B.S62,454 
15S,42fl,265 
l6S,a21J3l 
1B8.019.961 
UHO;r7lJ.03l 
1G2.,3I2.129 

IfiO,.iIS,049 

347,4fl6.0(W 

325.454,632 

481.21f>.797 

61,125,610 

65,947,571 

64,665 ,64S 

88,355.032 

74.238.556 

142,125.040 

&4.za»,339 

08,055,807 

^2.604,454 

S8.22 
57.98 
57.48 
A^M 
56  73 
52.  ai 
47.71 
60.29 
46  86 
M,49 
45.31 
54.74 
48  15 

.46.53 

.,W51 

A^m 

J.819 

.4403  1 

,4,'505 

.4225 

.5277 

.4008 

.7308 

.3877 

.4583 

,3022 

214. P2 
197  99 
204  13 
207.50 
222  57 
221.96 
236  67 
180  49 
243  07 
135.73 
257.91 
218,18 
255.00 

lS60-19Qfl 

414,347.270,327 

3,484,576.290 

1, 086.326.630 j  57.01 

.4704 

208,57 

During  the  same  period,  viz.j  1860-1909  inclusive,  the  ratio 
of  the  expenses  of  United  States  Insurance  Companies  to  $100 
of  premiums  received,  was  36.72,  which,  added  to  the  ratio  of 
fire  losses  paid  to  $100  of  premiums  (or  57.01  as  per  previous 
table),  makes  a  total  ratio  of  loss  and  expense  to  $100  of  premi-" 
ums  of  93.73  for  the  forty-nine-year  period.  The  average  profit 
of  underwriting  for  that  period  was,  therefore,  6.27  per  cent. 


•  -See  "Proceedings  of  forty-fourth  Annual  Meeting  (1910)   of  National 
Board  of  Fire  Underwriters." 
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But,  owing  to  the  almost  steady  increase  in  the  expense  ratio 
from  year  to  year,  and  the  increase  in  both  general  fire  losses 
and  in  conflagrations  during  late  years  (as  has  been  pointed  out 
in  Chapter  I),  the  showing  from  the  insurance  standpoint  over 
a  period  of  say  the  ten  years  from  1900  to  1909  inclusive  is  much 
worse  than  is  indicated  by  the  above  ratio  for  49  years.  Thus, 
while  the  imderwriting  result  for  1909  shows  a  profit  for  the  year 
of  6iV(r  per  cent.,  as  follows: 

Premiums,    fire,    marine    and 

inland $271,760,361 

Losses  paid,  fire,   marine   and 

inland $131,184,351 

Increase  in  liabilities  during  the 
year  (outstanding  losses, 
unearned  premiums  and  all 
other  claims) 18,520,586 

Expenses 104,628,486 

Profit  (6iVjr  pei:  cent,  of  pre- 
miums)   17,426,938 

$271,760,361        $271,760,361 

the  ten-year  table  shows  a  loss  of  2to7  per  cent,  for  the  period 
1900  to  1909,  inclusive,  as  follows: 

Premiums,     fire,     marine    and 

inland $2,159,695,029 

Losses  paid,   fire,  marine   and 

inland $1,251,628,708 

Increase  in  liabilities  during  the 

period  (outstanding  losses, 

unearned  premiums  and  all 

other  claims) 136,729,669 

Expenses 816,348,441 

Loss  (2rJ^  per  cent.) 45,011,789 

$2,204,706,818     $2,204,700,818 

This  is  principally  attributable  to  the  frequent  recurrence 
and  to  the  increasing  losses  of  conflagrations.  The  year  1909, 
which  showed  an  underwriting  profit  as  above,  included  no  con- 
flagration exceeding  $1,000,000  in  loss,  while  the  ten-year  period 
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included  great  losses  at  Jacksonville  in  1901,  at  Baltimore  in 
1904,  at  Chelsea  in  1908  and  at  San  Francisco  in  1906.  In 
the  latter  disaster  alone,  the  insurance  companies  paid  over 
$70,000,000  of  fire  losses,  or  an  amount  almost  equivalent  to 
the  present  capital  stopk  of  all  fire  insurance  companies  doing 
business  in  this  country. 

•  As  a  result  of  these  or  similar  conditions,  one  thousand 
fire  insurance  companies,  or  more  th&n  three  times  the  present 
number  of  companies,  have  failed  or  retired  since  1860,  .  .  . 
and  it  is  a  significant  fact  that  some  of  the  European  companies 
writing  policies  in  this  country  are  seriously  considering  with- 
drawal. 

A  fire  in  the  congested  value  district  of  New  York  City, 
covering  an  area  as  large  as  that  of  the  San  Francisco  conflagra- 
tion, would  put  out  of  existence  nearly  every  fire  insurance 
company  doing  business  in  this  country. 

The  arrant  individualism  of  the  American  character  as- 
sumes that  the  underwriting  interests  can  look  out  for  them- 
selves, and  raise  premium  rates  to  cover  their  losses,  absolving 
the  public  from  all  responsibility  save  the  payment  of  the  in- 
creased tax;  but  there  is  a  limit  beyond  which  honest  com- 
panies will  not  go  in  such  a  gamble,  and  that  limit  must  mean 
the  disappearance  of  reliable  insurance,  and  the  consequent 
instability  of  credits.  Reputable  companies  are  already  steadily 
narrowing  the  limits  of  their  risks,  while  the  constantly  increas- 
ing hazard  and  loss  operates  to  discourage  capital  from  the 
business  of  underwriting.* 

On  January  1,  1906,  United  States  fire  insurance  companies 
showed  a  ratio  of  loss-paying  power  to  amount  at  risk  of  66  cents 
per  $100.  On  January  1,  1910,  this  same  ratio  had  decreased 
to  58  cents  per  $100,  thus  showing  that  the  strength  of  the  com- 
panies, taken  as  a  whole,  is  considerably  less  than  it  was  before 
the  year  of  the  San  Francisco  conflagration. 

Conflagration  Liability. — The  serious  consideration  by 
underwriters  of  the  facts  enumerated  in  the  previous  paragraph, 
has  led  to  the  suggestion  that  the  fire  insurance  companies  of 
the  United  States  agree,  as  a  requisite  of  self-preservation,  upon 
some  limitation  of  liability  in  the  event  of  conflagration. 

It  is  a  conceded  proposition  among  all  men  that  unless 
the  interest  of  the  insured  or  the  property  owner  can  be  enlisted, 
efforts  for  the  prevention  of  fire  loss  will  be  largely  fruitless. 
This  being  so,  let  us  ask  if  any  method  has  been  proposed  which 
would  so  bring  the  question  home  to  the  property  owner  and  to 

•  1909  "Proceedings  of  National  Fire  Protection  Association,"  page  39. 
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our  municipal,  sUiiQ  and  iiatiorml  j^f  vera  men  ts^  or  that  woylil 
60  enlist  their  cooperation  in  the  prevention  of  fire,  us  the 
simple  prriposition  that  the  iindnrwriting  intereatg  would  not 
carry  the  conflagration  ha^sard.  But  how  are  we  guing  to  do  tJiis? 
Simnly  by  writing  owr  pohciea  on  a  limited  liuhility  plan.  It 
would  not  be  difficult  to  a-scertaiu  the  ainonnt  of  inauranre 
parrie<J  in  any  city  or  in  the  individual  blocks  of  that  city,  and 
the  pt>lieies  would  be  issued  good  for  a  certain  amount  if  the  fire 
was  confined  to  the  insureds  own  premises  or  the  budding 
which  he  occupied,  for  lasa  if  it  spread,  or  the  entire  block 
might  be  taken  for  the  next  factor,  with  a  mininiutn  amount  if 
&  conflagration  occurred  m  the  city.  Possibly  the  suggestion 
is  radical  but  porhaptj  somewhat  radical  suggestions  are  needed 
at  this  time.  .  ,  . 

In  conclusion,  we  are  not  unmindful  of  the  fact  that  vari* 
ous  reraedit^  have  been  proposed,  such  ns  schedule  rating,  the 
average  clause,  injpro\'e(l  construction,  use  of  sprinklers,  etc  * 
but  it  would  seem  that  as  an  underwriting  effort  nothing  w^ould 
eo  surely  accomplish  the  purpose  ancj  bring  the  conflagration 
hazard  home  to  the  American  people  as  the  proposition  U)  issue 
the  fire-insurance  pohcy  on  the  limited  liability  plan,* 

In  the  plan  for  conflagrtition  liability  outlined  above,  the 

I  word  *^ conflagration*'  is  ustnl  in  tta  broad  or  European  sense, 

that  is,  any  fire  spreading  beyond  the   building  in  which  it 

originates.     Inorilinate  losses  on  the  part  of  any  single  insurance 

company,  due  to  wide-spread  conflagration  in  any  city,  are  sup- 

iposcii  to  be  idready  provided  against  tlirough  the  limitation  of 

I  risks  written   l>y  that  company  within  each  defined  area  or 

|'*fire  block"  into  which  each  city  is  divided. 

RelatloQ  of  Insurance  to  Building  Construction*  —  The 
I  fundamental  idea  of  tire  insurance  is  the  selling,  by  underwriters, 
I  of  indemnity  for  fire  loss  on  property  as  they  find  it.     Strictly 
I  epeaking,  the  combustible  or  non-com bu.stible  character  of  the 
triak,  its  exposure,  and  itn  protection  or  non-protcf:tion  by  de- 
partmental or  auxihary  means,  are  questions  for  the  insured  to 
care  for.     The  insurance  company  will  insure  the  risk  whatever 
tlie  hazard  from  each  or  all  of  these  factors,  provided  the  insured 
I  pay  a  suflSciently  large  rate  Uj  justify  the  risk  assumed  by  the 
I  iofiurer. 

In  order  to  determine  the  rate  at  which  the  property  may  be 
I  insured  at  a  profit,  a  aurvey  of  the  property  becoinea  necessary. 
|£ttch  survey  must  take  into  consideration  all  attendant  itema 

*  See  "CoDflai^rr&tJoas  from  mi  Underwriting  S^tandpoint,"  by  Edward  H. 
Illmniy,  N.  V.  fire  lawirance  Exchjuige,  la  Journal  a/  Fire,  SepU:mb«it,  l^Vi^» 
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of  risk,  as  circumscribed  by  the  practice  of  rating  under  the 
particular  schedule  in  force,  and  increases  or  reductions  in  the 
rate  are  made  in  accordance  with  the  findings.  From  this 
point  on,  the  whole  question  of  insurance  becomes  simply  a 
bargain  between  the  company  and  the  property  owner.  The 
company  virtually  offers  to  lease  from  the  insured  stipulated 
improvements  in  construction,  such  as  fire  doors  or  shutters, 
enclosures  to  vertical  openings,  parapet  walls  above  the  roof, 
etc.,  or  improvements  in  protective  features,  such  as  sprinklers, 
automatic  alarms,  watchman  service,  etc.  It  is  entirely  optional 
with  the  insured  whether  or  not  he  make  these  improvements 
to  lease  to  the  company.  The  determining  factor  almost  in- 
variably becomes  a  comparison  in  dollars  and  cents  between 
the  interest  on  the  cost  of  such  improvements,  and  the  price  at 
which  he  can  lease  them  to  the  insurance  company,  in  other 
words,  the  rebate  in  premiums  which  the  insurance  company 
will  allow  for  their  installation.  (This  method  of  reasoning  is 
not  true  of  mutual  companies,  who  will  only  insure  their  members 
when  strictly  complying  with  stated  requirements.) 

This  financial  relation  between  the  cost  of  improvements  and 
their  rebate  value  thus  becomes  the  crux  of  insurance  whether 
the  building  alone  is  considered,  or  contents  as  well;  and  it  will 
be  the  purpose  of  the  following  paragraphs  to  show  this  mone- 
tary relation  as  plainly  as  may  be  possible,  particularly  as  re- 
gards the  correction  of  structural  deficiencies  and  the  installation 
of  protective  equipment. 

Example  of  Sprinkler  Equipment.  — The  following  actual 
example  of  the  rebate  value  of  a  sprinkler  equipment  in  a  build- 
ing within  the  congested  area  of  a  large  city  is  by  no  means 
typical,  but  serves  admirably  to  show  how  vitally  protective 
equipment  may  influence  insurance  rates. 

Building.  —  The  insurance  rate  on  building  before 
the  installation  of  sprinkler  equipment  was,  per 

$100 $.32 

The  installation  removed  the  10  per  cent,  added  to  rate 

after  the  San  Francisco  fire .03 

729 
The  allowance  for  sprinkler  installation  was  47|  per 

cent .14 

Making  net  rate  with  sprinkler  allowance .15 
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The  saving  in  insurance  rate  due  fb  installation  was 

therefore $ .  17 

The  building  was  valued  at  $300,000. 

Insurance  carried  $200,000. 

Annual  saving  in  insurance  charges  due  to  installation 

of  sprinkler  equipment 340.00 

Conienta,  —  The  insurance  rate  on  contents  before 

installation  of  sprinkler  equipment  was 1 .37 

Removal  of  added  10  per  cent .14 

1.23 

The  allowance  for  sprinkler  installation  was  47}  per 

cent .58 

Making  net  rate  with  sprinkler  allowance .65 

The  saving  in  insurance  rate  was  therefore .72 

The  contents  were  valued  at  $902,500. 

Insurance  carried  (100  per  cent,  co-ins.)  $900,000. 

Annual  saving  in  insurance  charges  on  contents ....     $  6,480. 00 

Total  annual  saving  in  insurance,  building  and  con- 
tents          6,820.00 

The  total  cost  of  sprinkler  equipment  was . . .  *. 14,500. 00 

Interest  on  investment,  not  considering  repairs  or  depreciation, 
47  per  cent. 

Example  of  Typical  Building.*  —  Building.  The  example 
selected  represents  a  somewhat  typical  loft  building,  similar 
to  those  now  being  erected  in  different  parts  of  the  country,  but 
especially  in.  the  city  of  New  York,  on  Manhattan  Island,  where 
flome  hundreds  of  a  like  nature  already  exist.  The  building  is 
assumed  to  occupy  a  lot  50  by  100  feet  in  area,  to  be  twelve 
stories  and  basement  in  height,  and  of  plan,  frontage  and  ex- 
posure iw  shown  in  Fig.  2.  The  building  is  assumed  to  be  of 
modem  steel  construction  with  standard  brick  walls,  concrete 
floors  and  roof,  and  properly  protected  columns. 

Gross  area  5000  square  feet.  Net  area  of  one  floor  4750  square 
feet.    Height,   160  feet.     Cubic  contents,  760,000  cubic  feet. 

'  *  The  author  wishes  to  state  that  this  example  has  been  worked  out  in  all 
deteils  as  conscientiously  as  possible,  as  a  typical  illustrative  case,  without  any 
■itempt  to  make  results  accord  with  preconceived  expectations.     The  ratings 

I  if  buildins  and  contents  were  kindly  worked  out  for  the  author  by  Mr.  Edward 
K.  Hardy  of  the  New  York  Fire  Insurance  Exchange.      Careful  estimates  of 

[  fti  <KMt  of  improvements,  equipment,  etc.,  were  obtained  from  those  well 

I  Mfied  to  make  mme. 
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Estimated  cost  per  cubic  foot,  20  cents.    Estimated  value  of 
building,  about  $150,000. 

Occupancy.  —  It  is  assumed  that  the  building  is  owned  and 
occupied  by  a  clothing  manufacturer  who  devotes  the  lower 
stories  to  sales  purposes,  and  the  upper  stories  to  manufacturing 
purposes.  A  reasonable  valuation  of  the  contents  may  be 
taken  at  twice  the  value  of  building,  or  $300,000.* 


100  FOOT  STREET 


40  FOOT  STREET 
Fia.  2.  —  Typical  Building  illustrating  Insurance  Charges. 

Insurance.  —  In  properties  of  this  nature  the  building  would 
ordinarily  be  insured  with  the  80  per  cent,  co-insurance  clause 
for  a  three-year  period,  the  rate  for  which  would  be  2i  times  the 
annual  rate.  This  is  equivalent  to  a  discount  of  one-sixth  the 
annual  rate.     Amount  of  insurance  carried  $120,000. 

The  contents  would  also  be  insured  with  the  80  per  cent,  co- 
insurance clause,  on  which  the  straight  annual  rate  would  be 
charged.     Amount  of  insurance  carried  $240,000. 

*  This  is  by  no  means  excessive.     Insurance  records  show  that  such  a 
building  as  is  here  assumed  will  often  contain  merchandise  to  the  value  of 
tAree  times  the  value  of  building.     See,  also,  the  actual  example  of  sprinkler 
eQuipment  previously  given. 


THBORT  AND  PRACTICB  OF  FIBB  INSURANCE        65 

Expomare  Haaard,  —  The  front,  facing  a  100-foot  street,  and 
the  blank  wall  on  one  Bide  will  involve  no  exposure  chaiige.  The 
lesr,  facing  a  40-foot  street,  and  the  side  wall  and  court  over- 
iooldng  adjacent  five-story  non-fire-rasisting  buildings,  will  both 
involve  exposure  chai^ges. 

Sbrudiurai  Dtficienciea,  etc.  —  For  the  purpose  of  illustration, 
it  will  be  assumed 

(a)  Hiat  the  exposure  hazard  is  not  cared  for,  but  that  ordi- 
nary wood  and  glass  windows  only  are  used  throughout. 

(6)  That  vertical  openings  are  not  cut  off  at  each  story  by 
standard  aidoeures,  but  that  the  stairway  is  enclosed  by  hollow 
tile  partitions  and  wood  doors,  and  that  elevators  are  surrounded 
by  open  grille  work. 

The  object  of  this  inquiry,  then,  is  to  see  how  the  remedy- 
ing ci  the  above-stated  structural  deficiencies  will  operate  as 
oonmieroial  propositions. 

EqidpmenL  —  It  is  also  assumed  that  no  fire  protection  equip- 
ment <if  any  kind  is  provided.  The  inquiry  will  also  cover, 
thonefore,  the  monetary  value  of  diff^'ent  forms  of  auxiliary 
equipment. 

Insurance  Bates.  —  The  Building,  under  the  conditions 
stated,  would  be  rated  as  follows'. 

Key  rate $.10 

Skeleton  construction 02 

Height 06 

Merchandise  above  seventh  floor 29 

Concrete  arches 04 

Wooden  flooring 05 

Open  elevators  and  stairway 06 

Manufacturing  employes 10 

Total 72 

Hazard  charge,  clothing  manufacturing 05 

Total 77 

Exposure ; 46 

1.23 
Deducting  for  co-insurance  gives  a  final  rate  of      .  423 
The  contentSf  under  the  same  conditions,  would 

have  a  final  rate  of 1.^7^ 
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Rates  (figured  for  each  equipment  item  separately  and  not 
cumulatively)  for  the  remedying,  in  standard  manner,  of  the 
structural  deficiencies  above  stated,  and  for  the  installation, 
in  standard  manner,  of  various  forms  of  auxiliary  equipment, 
may  be  tabulated  for  building  and  contents  as  follows: 


Build- 
ing. 


Con- 
tents. 


Conditions  as  above  stated,  i.e.,  with  non-standard  floor  openings, 

exposure  hazard  uncared  for,  and  no  fire-protection  equipment. . 

Same  as  above,  except  that  exposure  hazard  has  been  remedied  . . 

*  Same,  with  exposure  hazard  and  floor  openings  both  remedied. 

Same  as  *  but  with  standpipe  installation 

Same  as  *  but  with  standard  fire  pails 

Same  as  *  but  with  automatic  alarm  installation 

Same  as  *  but  with  watchman  and  approved  watch  clock 

Same  as  *  but  with  automatic  sprinkler  installation 


.423 
.358 
.330 
.310 
.318 
.302 
.329 
.165 


1.972 
1.844 
1.446 
1.360 
1  380 
1  369 
1  429 
.723* 


Exposure  Hazard.  —  According  to  the  above  table  of  rates 
the  remedying  of  the  exposure  hazard  would  effect  annual 
savings  in  insurance  premiums  as  follows: 

On  building,  f  X  .065  X  $120,000,  or  $  65.00 
On  contents,  .128  X    240,000,  or    307.20 


Total  saving $372.20 

To  effect  this  saving,  the  following  improvements  would  be 
necessary : 

On  rear  wall,  the  installation  of  standard  fire  shutters  or  metal 
and  wire  glass  windows.  For  an  exposure  distant  30  feet  or 
over,  either  installation  would  be  satisfactory. 

On  side  wall  and  court  windows,  standard  fire  shutters  or 
metal  and  double-glazed  wire  glass  windows  for  all  openings 
within  30  feet  of  adjacent  building  or  roof  thereof,  and  fire 
shutters  or  single-glazed  wire  glass  windows  for  all  openings 
more  than  30  feet  above  roof  of  adjoining  building. 

It  is  assumed  that  the  indented  court  walls  are  pierced  at 
each  floor  by  four  windows  at  stairs  and  elevators,  and  by  two 
windows  at  each  end  of  court,  —  also  that  each  floor  overlooking 
the  roof  of  adjoining  building  has  four  windows  in  the  side  wall. 
This  will  make  13  X  8  windows  in  court,  and  7X4  windows  in 
side  wall,  or  a  total  of  132  openings.  Averaging  these  at  21 
square  feet  each   will  equal  2772  square  feet.     The  cheapest 
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method  ci  protecting  these  openingts  is  by  means  of  tin-dad 
shutters,  the  installation  of  wliioh  would  cost  about  $832.00. 

The  rear  wall  will  have  12  X  8  >-  96  openings,  or  2016  square 
feet  of  window  surface.  These  windows  might  also  be  oovered 
with  tin-oovered  shutters,  but  as  the  appearance  would  be 
unsightly,  we  will  assume  metal  and  wire  glass  windows,  which 
would  cost  approximately  $2000,  allowing  some  salvage  on  the 
ordinary  wood  windows.  The  total  cost  of  improvement  would, 
therefore,  equal  $2832;  or,  an  investment  of  $2832  would  be 
placed  with  the  insurance  companies,  i4)on  which  an  allowance, 
or  a  dividend  of  $372,  would  be  paid  yearly.  In  other  words,  if 
the  owner  wished  to  secure  a  gross  ten  per  cent,  on  his  investment 
to  oover  intenest  and  depreciation,  the  insurance  companies 
would  still  pay  him  an  additional  three  per  cent,  profit. 

Vertical  Openings.  —  If,  as  a  second  step,  the  owner  were 
to  investigate  the  making  of  stair  and  elevator  enclosures  of 
standard  construction,  the  proposition  would  work  out  about  as 
foUows: 

The  annual  savings  in  insurance  premiums  would  be 

On  building,  f  X  .028  X  $120,000,  or     $  28. 00 
On  contents,  .398  X    240,000,  or      955.00 


Total  saving $983. 00 

To  effect  this  saving  it  would  be  necessary  to  substitute  auto- 
matic fire  doors  at  all  stair-well  openings,  and  to  substitute,  for 
example,  6-inch  tile  partitions  and  standard  doors  around  the 
elevators,  in  place  of  the  open  grille  work.  The  cost  of  such 
improvements  would  be  approximately  $4100;  hence  in  this  case 
the  owner  would  realize  24  per  cent,  on  his  investment. 

lire  Protection  Equipment.  —  Assuming  that  both  of  the 
structural  deficiencies  previously  described  would  be  remedied, 
so  as  to  make  the  building  of  standard  construction,  the  intelli- 
gent owner  would  next  investigate,  as  a  natural  sequence,  the 
question  of  fire  protection  equipment.  For  the  protection"  of 
contents,  auxiliary  equipment  is  often  the  most  vital  con.sider- 
atk)n  involved  in  fire  protection,  as  is  pointed  out  at  more 
length  in  Chapter  XXIX;  so  that  the  question  of  fire  protection 
equipment  becomes  not  only  a  matter  of  insurance  rates,  but  a 
matter  of  good  business  policy  from  other  standpoints  quite  as 
important  as  mere  insurance  rates.    Insurance,  alone,  BoXdovci 
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compensates  for  the  actual  fire  losses  sustained  in  mercantile 
buildings  and  their  contents,  and  still  less  can  insurance  cover 
the  inevitable  interruption  to  business,  the  loss  of  orders  and 
possibly  of  customers,  or  losses  in  rents,  etc. 

Possibilities  in  the  line  of  fire  protection  equipment  would 
include  standpipe  with  hose  reels,  etc.,  —  which  would  be  re- 
quired by  law  in  many  cities  —  fire  pails,  automatic  alarms, 
watchman  with  approved  watch  clock  or  with  central  station 
supervision,  and  automatic  sprinklers.  Of  these,  equipments  of 
standpipe,  fire  pails  and  sprinklers  would  involve  the  expense 
of  installation  only  (unless  sprinklers  were  equipped  with  cen- 
tral station  supervision)  plus  the  cost  of  repair  or  maintenance. 
With  automatic  alarms  and  watchman  service,  however,  fixed 
annual  charges  must  be  considered.  Automatic  alarms  involve 
the  expense  of  installation  and  the  added  expense  or  rental  for 
maintenance.  Watchman  service  involves  but  a  slight  expense 
for  the  installation  of  stations  and  the  purchase  of  a  clock,  but 
the  weekly  wages  of  a  watchman  operate  as  the  maintenance 
expense  of  this  form  of  protection.  Also  the  desirability  of 
providing  a  watchman  to  guard  against  burglary  is  a  valuable 
feature  of  protection  which  cannot  be  represented  in  any  mone- 
tary comparisons.  If  central  station  supervision  is  provided, 
the  reliability  of  the  watchman  service  is  greatly  increased,  but 
the  expense  of  maintenance  increases  also.  Bearing  these  facts 
in  mind,  the  various  forms  of  equipment  may  be  tabulated  as 
to  allowances  on  premiums,  cost,  etc.,  as  follows,  each  item  being 
rated  separately,  without  reference  to  any  other  method  of 
protection: 


■hi 

S  g  a 

lit 

iif 

^  *-■  0 

1^^ 

1-^ 

Cost  of  equipment . 

III 

Standpipe. . . 
Fire  pails.... 

gX.02 

$20 

.086 

$206 

$226 

$2400 

9 

;:X.012 

12 

.066 

158 

170 

$840 

20 

Automatic 

Installation,            $11,500 

alarm... 

IX. 028 

28 

.077 

185 

213 

Yearly  maintenance,    215 

Watchman 

fix. 001 

1 

.017 

41 

42 

Installation,                    60 

and  clock  . 

Yearly  maintenance,    780 

Sprinklers.. . 

gX.165 

165 

.723 

1735 

1900 

$9353 

20 

CHAPTER  IV. 

SI.OW-BtIENING   OB   MILL   CONSTRUCTION. 

^ow-liurEilDg   CoiiEstruetloii.  —  This   term    is    cammoaly 
kpplied  to  Ihtii  type  of  mill  and  ^.torehouse  ooimlriHstioii  which 
been  so  succesafully  tlevelopo*!,  especially  in  the  New  Eng- 
lAnd  states,  by  the  Associated  Fac^tory  Mutual  Fire  Insurance 
Companies.     Its   extended   use   for  such    buildings    aa   textiJe 

tfact(3rit^,  paper  mills,  machine  shops,  and  other  classes  of  manu- 
taoturing  and  storage  bnildiiigs  has  been  largely  due  to  the  griiat 
improvements  wrought  by  tlie  late  Mr.  Edward  Atkinson,  for- 
meriy  president  of  the  Boston  Manufacturem  Mutual  Fire  In- 
surance  Company,  and  director  of  the  Imsiiranee  Engineering 
Experiment  Station;  and  it  has  been  found  so  efficient  from  the 
Btandpoirits  of  eost,  niaiiiienance,  and  security,  that  no  apology 
h  neede<l  for  including  this  construction  in  a  handbook  on  fire 
protection* 

The  basic  idea  of  slow-burning  construction  is  to  provide  a 
maximum  of  fire  protection  at  a  minimum  eont,  and  this  has  l>een 
m  well  aceoinplif<hed  that  it  is  (nieMioaable,  to  say  the  least,  in 
how  far  the  addtxl  expense  of  a  thoroughly  fire-resisting  building 
has  been  warranted  when  the  structure  has  been  isolated,  and 
suited  to  tliis  type  of  construction*     We  say  ha^  been  warranteLl, 
lor,  as  is  pointed  out  ebcwhere,  lumber  has  so  inereaj?ed  in 
price  of  late  years,  and  thoroughly  fir e-rej?is ting  concrete  con- 
Slruetion  haa  so  lowered  in  cost  hi  the  same  period,  that  it 
is  not  improbable  that  the  two  const  ructions^  slow-burning  and 
ci>u Crete,  will  be  verj^  nearly  ahke  in  cost  in  the  not  distant 
future. 
necessity  for  Fire  Proteetlon  Appliances.  —  Mill   con- 
ton  has  beeji  dei^ignated  slow-burning,  because,  although 
ly  comfjoaed  of  combustible  materiakj  inteUigent  use  and 
inerU  mass  have  greatly  lessened  the  chance  of  the  rapid 
of  fire,  or  the  probal)ility  of  serious  structural  damage 
Wore  the  fire  can  be  brought  under  control  through  the  equip- 
l  or  fire  protection  devices  which  should  always  accompaa^ 
i}9 
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this  type  of  construction.  Such  equipment  includes  watch- 
man's service,  automutic  sprinklers^  tire  pailB,  hose,  pumps, 
and  hydrantd,  l^esides  nn  efficient  private  fire  brigade,  idl  of 
which  isubjecta  are  discussed  at  leni^^th  in  later  chupterB.  It  is 
theKc  !safeguard.s,  coupled  with  the?  !K^lt(T  adaptation  of  all  inatui- 
facturing  or  storage  buil  Uii^^  to  tlic  risks  inlierent  in  their 
occupancy,  that  have  cau;?ed  tlic  losses  in  the  older  Factory 
Mutual  Fire  Insurance  Companies  ti.>  average  four  cents  per 
liuruired  dollars  amiuull}^  lus  coinpanxl  with  sixty  cents  in  other 
property  (or  a  ratio  of  one  to  fifteen),  while  the  average  cost  of 
insurance  to  the  owners  of  approved  factories  luu5  been  reduced 
to  less  than  se%^cn  cents.  Soti  also  Chapt4?r  XXX  for  further 
information  ref^arding  insurance  losses,  costs,  etc.^  in  sprinklcred 
rislvs- 

A  wonderful  illustration  of  tlie  slow-burning  qualities  of  slow- 
bumijig  construction  was  alTonhMl  by  the  fire  whic^Ii  destroyed 
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Fia  3.- 


•Fire  m  Mill  Cbnatruction  Warehouse  of  the  George  Iriah  Paper 
Corpora tion^  Buffttlo,  N.  Y. 


the  storage  warehouse  of  ttie  Cicorge  Irish  Paper  Corporatioi 
at  Buffalo,  N.  Y.,  January  16,  1911.  The  building  wm  six 
-Btories  in  height,  70  by  200  feet  in  area,  and  of  mill  construction 
without  ttprinklers  or  other  special  tire  piotection  equipment. 


1^^ 


BLOW-BURNING  OR  MILL  CONSTRUCTION  71 

Because  of  the  type  of  construction  of  the  building,  and  the 

great  weight  of  the  paper  stock  known  to  he  stored  therein,  the 

firemen  flatly  refused  to  enter  the  structure,  so  that  the  flames 

were  fought  entirely  from  the  outside.     Fig.  3  illustrates  the 

progress  of  the  fire  "36  hours  after  the  fire  started,  during  which 

time   many  streams  of  water  had  been  continuously  thrown 

upon  it.     The  fire  raged  for  upwards  of  80  hours  and  was  the 

longest  fire  known  in  the  City  of  Buffalo,  —  which  fact  testified 

to  the  great  strength  of  our  warehouse."*     It  should  be  noted 

in  the  photograph  that,  after  36  hours  of  firo,  the  front  windows 

in  the  top  story  are  practically  intact.     No  better  example  of 

"slow-burning"  construction  could  possibly  be  given. 

An  example  of  an  ideal  mill  plant  and  its  layout  of  fire  protec- 
tion is  given  in  Fig.  4.t  This  plan  of  fire  protection,  may,  in  a 
general  way,  be  adapted  to  any  given  plant,  but  only  in  con- 
sultation with  insurance  authorities.  It  may  comprise  more 
protection  than  is  needed  for  some  plants,  and  loss  than  is  needed 
for  others.  The  extent  and  capacity  of  fire  apparatus  depend 
upon  construction,  height,  area,  occupancy,  arrangement,  and 
Bunoundings  of  plant.  The  more  important  elements  of  fire 
protection  are  as  follows: 

1.  Water  Supply. — a.  Public  water  supplied  by  gravity 
at  good  pressure  and  ample  quantity  is  bost.  A  pressure  of  about 
60  pounds  maintained  in  the  mill  yard  whilv  1000  to  1500  gallons 
or  more  are  flowing,  is  ordinarily  considered  excellent.  Such  a 
public  water  supply  is  always  preferred  to  an  elevated  tank. 

6.  Pump  supply  from  one  or  two  Underwriter  pumps  accord- 
ing to  the  size  of  the  plant.  Pumps  to  draw  from  supply  capable 
of  furnishing  water  during  a  fire  of  long  duration  and  independent 
of  the  public  water  works. 

c.  Steam  boilers  should  have  two  absolutely  indepc^ndent 
sources  of  water  supply.  A  direct  connection  from  fire  pump 
to  the  boilers  is  often  desirable  and  may  be  considered  as  one 
of  these.  The  steam  supply  to  pump  should  be  taken  off  behind 
a  valve  or  valves  controlling  supply  to  engines  or  other  factory 
service,  and  all  controlling  valves  should  be  in  the  boiler  house. 
The  pipe  should  be  so  located  that  it  (;an  not  be  broken  by  falling 
walls  or  other  accident  at  a  fire. 

2.  Hydrants.  —  Placed  at  sufficiently  frequent  intervals  so 
J    that  the  full  capacity  of  the  water  supply  available  may  be  con- 
centrated at  any  point  of  the  plant  without  the  use  of  long^nes 
of  hose.  • 

♦  From  information  furnished  by  the  George  Irish  Paper  Corporation. 
t  From  report  "Slow-burninR  or  Mill  Construction, "  iHsued  by  the  Boston 
Mtnufscturere  Mutual  Fire  Insurance  Company. 
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Fia,  4.  —  Ideal  Mili#lant  and  Lay-out  of  Fire  Protecticidi. 
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Fio.  4.  —  Ideal  Mill  Plant  and  Laj'-out  of  Fire  Protection  (continiied}. 
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Generally  hydrants  at  intervals  of  about  200  feet  are  re- 
quired, two-way  hydrants  to  have  at  least  5-inch  gate  opening 
and  barrel,  and  hydrants  with  more  than  two  outlets  to  have  a 
6-inch  gate  opening  and  barrel,  and  independent  gates  for  each 
outlet. 

Roof  hydrants  are  of  value  in  fighting  outside  fires  either 
in  adjoining  properties  or  where  buildings  adjoin  one  another  in 
a  crowded  mill  yard. 

Hose  standpipes  properly  located  are  of  great  value  in  build- 
ings of  over  two  or  three  stories,  especially  when  fire  is  beyond 
control  of  sprinklers. 

3.  Spri7iklers.  —  a.  Automatic  sprinklers  throughout  all 
rooms,  including  storehouses,  elevators,  and  stairs,  all  closets, 
inclosures,  etc.,  also  to  be  covered.  There  should  be  no  part 
of  the  floor  area,  ceiUngs,  or  roofs  without  ample  protection,  and 
heads  must  be  so  spaced  as  to  satisfactorily  cover  all  places.  It 
is  required  that  detail  sprinkler  plans  showing  protection  pro- 
posed be  submitted  to  the  Insurance  Companies  before  the  in- 
stallation begins.  Dry  pipe  valves  should  be  used  only  when 
it  is  impracticable  to  heat  the  building,  as  their  installation  con- 
siderably increases  the  time  before  discharge  of  water  on  the  fire, 
and  therefore  correspondingly  weakens  the  protection. 

b.  Each  sprinkler  connection  into  buildings  to  be  provided 
with  outside  post  indicator  gate,  safely  located,  and  suflBicient 
connections  are  required  for  large  areas  so  that  there  may  not 
be  over  200  sprinklers  in  one  room  on  a  single  6-inch  supply. 

Pipe  connections  into  buildings  should  not  be  less  than 
6-inch,  even  when  supplying  risers  of  smaller  size,  except  in 
especial  cases  where  only  30  or  40  heads  are  supplied  per  "floor 
in  low  buildings. 

4.  Yard  Pipes.  —  Of  ample  size  to  carry  the  water  available 
to  sprinklers  and  hydrants  without  serious  loss  of  pressure. 
For  the  mill  shown,  an  8-inch  loop  pipe  is  suflBcient.  Should 
the  loop  not  be  practicable,  the  pipe  in  a  part  of  the  yard  system 
may  need  to  be  10-inch.  For  large  mills  with  extended  yard 
area,  10-inch  pipe  or  even  larger  may  be  necessary.  Class  E 
pipe  N.  E.  W.  W.  Association  is  required,  or  class  C  of  the  Ameri- 
can Water  Works  Association  standard. 

Pipes  to  be  in  such  location  that  hydrants  and  post  indicator 
valves  may  be  at  a  good  distance  from  the  walls  of  very  high 
buildings  or  those  of  large  area. 

Pump  check  valves  should  be  safely  located  below  floor 
level.     The  brick  well  is  merely  to  make  it  more  readily  accessible. 

Circuit-controlling  valves  are  advisable  at  intervals  in  ex- 
tensive yards  so  as  not  to  necessitate  shutting  off  the  entire  yard 
system  at  one  time  in  case  of  repairs  or  alterations. 

5.   Hose.  —  a.   Outside   equipment   to   consist   of   2f-inch 

Underwriter  cotton  rubber-lined  hose  of  one  of  the  approved 

brands   which,    together   with   spanners,    l|-inch   Underwriter 

nozzles,  axes,  bars,  lanterns,  etc.,  must  be  kept  in  the  hose  houses. 

(:See  Chapter  XXXY.) 
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b.  Inside  equipment  to  be  provided  in  all  rooms,  fed  pref- 
erably from  a  system  of  small  standpipes  independent  of  sprink- 
ler system,  that  it  may  be  available  if  the  sprinklers  are  shut  off 
on  account  of  accident  or  after  they  are  shut  off  at  fire  to  save 
water  damage.  In  some  cases  it  may  be  attached  to  1-inch 
nipples  from  sprinkler  pipes  not  less  than  2  J  inches  in  diameter, 
but  is  then  not  available  at  a  time  when  it  may  be  most  needed. 
Hose  and  couplings  to  be  for  IJ-inch  Underwriter  linen  hose  and 
nozzles  f-inch  smooth  bore. 

c.  For  tower  standpipes  2i-inch  host  Undorwritor  linen  hose 
of  approved  brands  to  be  provided. 

Wluit  Mill  Construction  is.  —  1.  "Mill  construction  con- 
sists in  so  disposing  the  timber  and  plank  in  heavy  solid  masses 
as  to  expose  the  least  number  of  corners  or  igni table  projections 
to  fire,  to  the  end  also  that  when  fire  occurs  it  may  be  most 
readily  reached  by  water  from  Sprinklers  or  hose. 

2.  "It  consists  in  separating  every  floor  from  every  other  floor 
by  incombustible  stops  —  by  automatic  hatchways,  by  encasing 
stairways  either  in  brick  or  other  incombustible  partitions  — 
BO  that  a  fire  shall  be  retarded  in  passing  from  floor  to  floor  to 
the  utmost  that  is  consistent  with  the  use  of  wood  or  any  material 
in  construction  that  is  not  absolutely  fireproof. 

3.  "It  consists  in  guarding  the  ceilings  over  all  specially  hazard- 
ous stock  or  processes  with  fire-retardent  material  su(;h  as 
plastering  laid  on  wire-lath  or  expanded  m(;tal  or  upon  wooden 
•dovetailed-lath,  following  the  lines  of  the  ceiling  and  of  the  tim- 
bers without  any  interspaces  between  the  plastering  and  the 
wood;  or  else  in  protecting  ceilings  over  hazardous  places  with 
asbestos  air  cell  board,  slieet  metal,  Sackett  wall  board  or  other 
fire-retardent. 

4.  "  It  consists  not  only  in  so  constructing  the  mill,  workshop, 
or  warehouse  that  fire  shall  pass  as  slowly  as  possible  from  one 
part  of  the  building  to  another,  but  also  in  providing  all  suital)le 
safeguards  against  fire."* 

What  Mill  Construction  is  not.  —  Mr.  Atkinson  has  stated 
that,  following  a  widely  published  article  by  him  describing  and 
illustrating  mill  construction,  so  many  totally  wrong  applications 
of  the  principles  he  enunciated  were  made;,  resulting  in  examples 
which  gave  fire  '*the  freest  and  quickest  course  from  cellar  to 
attic  in  such  a  way  as  to  be  most  fully  protected  from  water," 
that  he  was  obliged  to  print  and  reprint  many  times  a  supple- 

♦  Edward  Atkinaon. 
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mentary  article  entitled  *'What  Mill  Construction  is  Not/'  as 
follows : 

"  1.  Mill  construction  does  not  consist  in  disposing  a  given 
quantity  of  materials  so  that  the  whole  interior  of  a  building 
becomes  a  series  of  wooden  cells;  being  pervaded  with  concealed 
spaces,  either  directly  connected  each  with  the  other  or  by  cracks 
through  which  fire  may  freely  pass  where  it  cannot  be  reached 
by  water. 

2.  It  does  not  consist  in  an  open-timber  construction  of  floors 
and  roof  resembling  mill  construction,  but  which  is  of  light  and 
insufficient  size  in  timbers  and  thin  planks,  without  fire  stops  or 
fire  guards  from  floor  to  floor. 

3.  It  does  not  consist  in  connecting  floor  with  floor  by  com- 
bustible wooden  stairways  encased  in  wood  less  than  two  inches 
thick. 

4.  It  does  not  consist  in  putting  in  very  numerous  divisions 
or  partitions  of  light  wood. 

5.  It  does  not  consist  in  sheathing  brick  walls  with  wood, 
especially  when  the  wood  is  set  off  from  the  wall  by  furring,  even 
if  there  are  stops  behind  the  furring. 

6.  It  does  not  consist  in  permitting  the  use  of  varnish  upon 
woodwork  over  which  a  fire  will  pass  rapidly. 

7.  It  does  not  consist  in  leaving  windows  exposed  to  adjacent 
buildings  unguarded  by  fire-shutters  or  wired  glass. 

8.  It  is  dangerous  to  paint,  varnish,  fill,  or  encase  heavy 
timbers  and  thick  plank  as  they  are  customarily  delivered,  lest 
what  is  called  dry  rot  should  be  caused  for  lack  of  ventilation 
or  opportunity  to  season. 

9.  It  does  not  consist  in  leaving  even  the  best-constructed 
building  in  which  dangerous  occupations  are  followed  without 
automatic  sprinklers,  and  without  a  complete  and  adequate 
equipment  of  pumps,  pipes,  and  hydrants. 

10.  It  does  not  consist  in  using  any  more  wood  in  finishing 
the  building  after  the  floors  and  roof  are  laid  than  is  absolutely 
necessary,  there  being  now  many  safe  methods  available  at  low 
cost  for  finishing  walls  and  constructing  partitions  with  slow- 
burning  or  incombustible  material.''  , 

Limitations  of  Mill  Construction.  —  Before  attempting 
to  adapt  mill  construction  to  a  proposed  building,  engineers     ' 
and  architects  should  carefully  study  the  limitations  of  the 
iype,  and  give  due  consideration  to  the  purposes  for  which  it    ^ 
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is  devised.  Factory  or  storage  buildings,  if  in  congested  areas, 
should  invariably  be  fully  fire-resisting,  if  possible  under  the 
limitations  of  cost.  Mill  construction,  also,  should  ordinarily 
not  exceed  a  height  of  fifty  feet,  or  four  stories,  as  outside  hose 
streams  are  not  efficient  above  that  altitude. 

Slow-burning  Floor  Construction,  —  The  standard  mill 
of  the  Factory  Mutual  Fire  Insurance  Companies  (see  Fig.  10) 
was  planned  with  heavy  beams  eight  to  eleven  feet  on  centers, 
of  continuous  spans  from  wall  to  post  or  post  to  post  of  from 
twenty  to  twenty-five  feet.  Floors  must  be  designed  to  care 
for  weight,  deflection,  and  vibration.  Longitudinal  girders, 
supported  by  posts  and  carrying  beams  four  feet  or  less  on  centers 
are  not  approved,  as  such  construction  not  only  adds  to  the 
exposed  surface  of  wood  used,  but  the  beams  obstruct  the  action 
of  sprinklers,  and  prevent  the  sweeping  of  a  hose  stream  from 
one  side  of  the  mill  to  the  other.  The  ordinary  ''light  joisted*' 
type  of  floor,  as  shown  in  Fig.  5,  should  never  be  used  in  any 


r'l  In  Boards,  single  or  double 


Fia.  5.  —  Undesirable  Light-joisted  Floor. 

building  pretending  to  the  least  degree  of  fire-resistance.  In 
this  type  the  joists  are  two  or  three  inches  thick,  spaced  ten  to 
sixteen  inches  centers.  If  sheathed  or  "ceiled"  on  the  under 
side  of  joists,  the  construction  is  even  still  more  dangerous,  as 
the  concealed  spaces  thus  formed  provide  inaccessible  lodgment 
for,  fire. 

Approved  mill  construction  floors  are  illustrated  in  Figs.  6 
and  7.  In  the  former  the  plank  floor  is  laid  directly  on  the 
beams,  usually  spaced  not  over  10  feet  on  centers.  In  Fig.  7, 
the  posts  and  hence  the  girders  are  widely  spaced,  necessitating 
the  use  of  purlins  to  support  the  planking. 

Note  that  an  8-inch  by  12-inch  purlin  has  an  equivalent 
amount  of  wood  to  six  2-incli  by  8-inch  joists  spaced  as  in  Fig.  5, 
and  that  the  latter  expose  108  square  inches  of  surface  to  a  fire 
as  compared  with  32  square  inches  in  the  former. 

For  the  better  seasoning  of  wood  girders,  to  prevent  dry  rot, 
etc.,  such  members  when  large  have  sometimes  been  made  of 
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two  timbers,  side  by  side,  bolted  together  so  as  to  leave  an  air- 
space of  an  inch  or  two  between.  This  should  never  be  done, 
as  experience  has  shown  that  not  only  does  this  practice  expose 
almost  double  the  area  of  wood  to  fire,  but  that,  when  fire  is  once 
communicated  to  such  spaces,  it  will  hold  there  a  long  time,  as 
neither  sprinklere  nor  hose  streams  can  penetrate. 

3  in.to  5  In.  Plank  grooved'" 
for  Hardwood  splines 


Main  Girder  or  Timber,  6  ft.to  10  ft.on  centres 
Fia.  6.  —  Approved  Mill  Construction  Floor,  Short  Span. 

/I  in.  Boards  3  In.to 6  in.  Plank 


Girder  Timber  or  Main  Truss 
Fia.  7.  —  Approved  Mill  Construction  Floor,  Long  Span. 

For  flooring,  one  thickness  of  hard,  close-grained  floor  boards 
is  usually  laid  over  3-inch  to  5-inch  plank,  with  two  layers  of 
resin-sized  paper  between.  "In  the  best  mills  lately  built,  a 
board  flooring  has  been  laid  diagonally  or  at  right  angles  to  the 
plank,  and  over  that  a  top  floor  of  birch  or  maple  laid  length- 
wise. This  intermediate  floor  gives  great  resistance  to  the  lateral 
strain  or  vibration,  and  can  be  ordinarily  of  the  cheapest  lumber 
obtainable  of  practically  imiform  thickness,  and  is  well  worth 
the  additional  cost." 

Protection  of  Steel  Girders.  —  "In  machine  shops  and 
other  plants  requiring  exceptionally  heavy  floor  construction 
above  the  ground  level,  steel  beams  are  of  necessity  resorted  to, 
and  with  these,  wide  spacings  of  from  7  to  IZJ  f^t  are  mhkir 
tained,  thus  retaining  all  the  advantages  of  the  standard  mill 
construction  except  that  of  resistance  to  fire,  provision  for  which 
when  necessary  can  be  made  by  fireproofing  as  explained  further 
on.  In  this  type,  to  obtain  unusual  stiffness  between  the  beams, 
the  floors  may  be  made  up  of  2-inch  joists  on  edge  spiked  to- 
gether closely  side  by  side,  the  thickness  of  the  floor  var3dng 
with  the  loads  and  span  from  5  to  8  inches  or  more.    This 
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floor  being  practically  a  single  unit,  provision  must  be  made 
longitudinally^  for  contmclion  by  making  a  fontinuous  joint  in 
U»e  under  floonng  at  intrrvals,  with  of  coiir?ie  arrangerncnt  for 
tying  tbe  building  togctber."* 

St-eel  girder  b(iams  may  be  incxpensiveli'  protected  against 
fire  as  shown  in  Fig.  S. 
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Fia.  8.  —  Protection  of  Steel  Girders. 


Pasts.  —  Timber  posits  are  far  more  reliable  under  fire  teat 
[  tJian  are  unprot(*ft-ed  wrought-iroa  or  steel  eolumna* 

*'The  ruasons  (thougli  in  a  much  less  degree)  which  make 
I  heavy  timbers  preferable  to  iron  girders,  also  make  the  use  of 
jtiiaber  pillars  desirable.  A  roufui  H-inch  Cknjrgia  pine  pillar 
Iput  in  t^j  carry  safely  its  load  with  a  factor  of  safety  of  five 
limght  be  bume<l  and  eharred  in  to  the  depth  of  1|  inches  over 
[its  whole  surface,  thus  reducing  ita  diameter  to  h\  inrhei?^  and 
|ttill  be  left  strong  enough  to  carry  temporarily  double  it^  regular 
J,  or  to  stand  up  until  the  fire  would  be  over  and  props  could 

(  put  in  to  reheve  it."t 

The  sarne  argument  holds  true  of  timber  posts  vs.  unprotected 

ffnet-iron  columns,  in  that  the  latter  are  less  uniformly  reUable 

under  fire  test,  especially  when  suddenly  cooled  by  hose  streams, 

•  Sec  report  "Slow-buraltig  or  Mill  Conatruction,"  previoualy  referred  to, 
f  i4«3e  "Comptknaon  of  English  utid  American  Types  of  Factory  Coiuitruo- 
K  tioii/'  by  John  R.  Freeman,  in  Journal  o/  Aii»tfCuUion  of  Enffineainff  SocietUt^ 
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Boston  Manufaeturers  Mutual  Standards.  —  The  follow* 
ing  examples  of  tipproved  mill  construction  luc  taken,  by  por^ 
mission,  from  *^ Slow-burning  or  Mill  Const niction/'  (revised 
edition  of  190S),  issued  by  the  Boston  Maniifacturerfi  Mutual 
Fire  Insurance  Company,  31  Milk  St.,  Boston,  Mass.  Copies 
of  that  report  may  be  had  at  Iwenty-fivc  cents  nnLch. 

Belt,  Stairway,  and  Elevator  Towers.  —  Fig.  9  illustrates 
a  standard  typical  arrangement  of  driving  belts^  t?tainvay,  and 
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Fia*  S.  —  Typical  Armaeemeut  of  Belts.  Stairway  Bud  Elevator. 

elevator^  boiler  house,  etc.     Tlie  specific  points  of  interest  fr( 
the  standpoint  of  fire  protection  are: 

Main  l>elts  entirtly  separated  from  the  manufacturini^  rooms 

by  solid  brifk  wallw,  to  prevtnit  fire  being  commimicated  from 

t/ie power pkuit  to  the  mill,  or  from  one  floor  lo  anothrT,     Neglect 

of  tJijs  precaution  hm  resulted  in  many  bcrioud  tires. 


on^l 
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Elevator  and  stairs  in  brick  towers  with  standard  automatic 
fire  doors. 

No  holes  through  floors  through  which  fire  and  water  may 
readily  pass  from  floor  to  floor. 

Closets  in  a  separate  tower  rather  than  in  the  manufacturing 
rooms. 

Boiler  plant  cut  off  from  engine  room  by  brick  wall  with 
doorway,  also  protected  by  standard  automatic  sliding  fire  door. 
Boilers  under  manufacturing  rooms  are  undesirable  from  many 
standix)ints  other  than  from  that  of  fire.  They  should  there- 
fore be  in  one-story  buildings  cut  off  by  fire  wall  from  the  rest 
of  the  plant. 

Modern  Slow-burning  Mill  Building.  —  A  typical  modern 
mill  building  is  shown  in  Fig.  10.  The  special  features  illus- 
trated comprise: 

1.  Walls.  —  Brick  walls  at  least!  foot  thick  (16  inches  for 
best  work)  in  top  story  and  increased  in  thickness  at  lower  floors 
to  support  additional  load.  The  pilastered  wall  has  many 
favorable  features  and  is  often  preferred  to  the  plain  wall. 
Window  and  door  arches  should  be  of  brick,  window  and  outside 
door  sills  and  underpinning  of  granite  or  concrete. 

2.  Roofs.  —  Roofs  of  3-inch  pine  plank,  spiked  directly  to 
the  heavy  roof  timbers  and  covered  with  5-ply  tar  and  gravel 

roofing.  Roofs  should  pitch  J  inch 
to  f  inch  per  foot.  An  incombus- 
tible cormce  is  recommended  when 
there  is  exposure  from  neighboring 
buildings.  Fig.  11  gives  detail  of 
a  roof  timber  resting  on  a  cast-iron 
wall  plate,  with  anchor  bolt,  and 
over-nanging,  open  wood  cornice. 
3.  Floors.  —  Floors  of  spruce 
plank  4  inches  or  more  in  thickness 
according  to  the  floor  loads,  spiked 
directly  to  the  floor  timbers  and 
kept  at  least  J-inch  clear  of  the 
face  of  the  brick  walls.  In  floors 
and  roof,  the  bays  should  be  8  to 
feet  wide  and  all  plank  two  bays  in  length,  laid  to  break 


RooflnEv 


Fig.  11.- 


-  Detail  of  Roof  Timber 
on  Wall  Plate. 


10. 

joints  every  4  feet  and  grooved  for  hard-wood  splines.  Usually 
a  top  floor  of  birch  or  maple  is  laid  at  right  angles  to  the  plank- 
ing, but  the  best  mills  have  a  double  top  floor,  the  lower  one  of 
soft  wood  laid  diagonally  upon  the  plank,  and  the  upper  one  laid 
lengthwise.  This  latter  method  allows  boards  in  alleys  to  be 
easily  replaced  when  worn,  and  the  diagonal  boards  brace  the  ,, 
floors,  reduce  vibration,  and  distribute  the  floor  load  even  better 
than  the  former  method. 

Between  the  planking  and  the  top  floor  should  be  two  or.^^ 
three  layers  of  heavy  tarred  paper,  laid  to  break  joints,  and  each^ 
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mopped  with  hot  tar  or  simihir  rimterial  to  protiuce  a  reasonably 
water-tight  as  well  as  dtiat-tight  floor. 

Riipid  decay  of  ba^eTiKiit  or  lower  floors  of  mills  makan  it 
deftii'ablCt  whenever  woo<l  is  not  alji^olutt^ly  necessary^  to  provide 
cement  floors  for  tliese  places.  If  wooclen  fioors  are  required, 
crushed  stone,  cinder><,  or  furnace  slag  should  be  spread  evenly 
over  the  surface  and  eovere<l  with  a  tfiitrk  layt'r  of  hot  tar  con- 
crete, on  which  is  often  laid  tarred  felt,  well  mopped  ivith  hot 
tar  or  asphalt,  on  wliich  a  floor  of  2-inf'h  or  3-infm  impregnated 
plank  should  be  pre«^*<:l,  luiiled  on  edge  without  perforating  the 
wateri^roofing  under  it,  anrl  the  hard-wood  top  floor  Ixjards  nailed 
across  the  plank.  Onirnt  roncrelOH!  promote  decay  of  wood  in 
contact  with  them.  If  extnt  support  is  n^quired  for  heavy 
machinery,  independent  ftjundationi^  of  masonry  should  be 
provided, 

4.  Timbers  and  Columns,  —  All  woodwork  in  standard  cfm- 
Rtniction,  in  order  to  be  slow-burning,  must  be  in  large  massesj 
that  present  the  least  possible  surface  to 
a  fire.  No  sticks  less  than  0  inches  in 
width  should  be  used^  even  for  thf  light- 
est roofs,  and  for  substantial  roofs  and 
floors  much  wider  ones  are  needed.  Titu- 
bers  should  he  of  sound  Georgia  pine, 
and  for  sizes  up  to  14  by  IG  inches,  single 
sticks  are  preferretJ^  but  tiuibers  7  or  8 
inches  by  IB  are  often  ueied  in  pairs, 
bolted  together  without  air  spaccbetween. 
They  should  not  be  painted,  varnished, 
or  filled  for  three  years  beeautse  of  danger 
of  dry  rot,  and  an  air  space  should  be 
left  in  the  mai^unry  arf>unii  the  en<ls  for 
the  same  reascjn.  Tind>or.s  should  rest  on 
ea^iron  plates  t>r  beam  boxes  in  the 
wbUs  and  on  east-iron  Ciips  on  the  col- 
Fig.  12  shows  a  wood  beam  rest- 
ing on  a  cast-iron  wall 
plate,  with  lug  Ci\st  on 
plate  to  anchor  the  beam^ 
and  flange  on  end  of  plate 
to  anchor  to  walL 

Beam  lioxes  as  illus- 
trated in  Fig.  13  are  of 
value,  as  they  strengthen 
the  walln  when  floor  loads 
are  heavy  anfi  distance 
between  windows  smaU; 
they  facilitate  the  laying 
of  the  l)ri<  k  and  handling 
of  the  beams,  and  there 
3  less  posabihty  of  breaking  away  the  brick  in  putting  the  beams 
I  place.     They  also  insure  a  proper  air  space  around  beams* 


JWbt're  wall  off:?o(s,  omit  bar 
C%  in.  X  2  In*  Wrought  InjuBjir 
fi  iii.  loafcrur  than  widtJi 


HorBoarrla 
-Hjr  Ptanlt 


Fjg.  12.  —  Detail  of  Floor 
Girder  on  Wall  PliUc. 
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Columns  of  southern  pine  should  be  bored  through  the  cen^ 
ter  by  a  IJ-inch  hole,  with  J-inch  vent  holes  top  and  bottom, 
and  ends  should  be  carefully  squared. 
They  also  should  not  be  painted  until 
thoroughly  seasoned,  to  prevent  dry 
rot.  Columns  should  be  set  on  pin- 
tles, which  may  be  cast  in  one  piece 
with  the  cap,  or  separately,  as  pre- 
ferred. Fig.  14  shows  a  roof  timber 
resting  on  column  cap,  cast  to  fit  slope 
of  roof.  Timbers  are  tied  by  1-inch 
round  iron  dogs.  A  typical  column 
and  girder  connection  is  shown  in 
Fig.  15. 

Columns  of  cast  iron  are  preferred  by  some  engineers,  and 
when  the  building  is  equipped  with  automatic  sprinklers,  have 
proved  satisfactory,  but  are  not  as  fire-resisting  as  timber. 
Wrought-iron  or  steel  columns  should  not  be  used  unless  encased 
with  at  least  2  inches  of  fireproofing. 


Roof. 
Timber 


Fia.  14.  — Detail  of  Roof  Tim- 
ber  on  Column  Cap. 


Foflt 


Top  i't<rfnk  lift 


Fig.  16.  —  Detail  of  Typical  Column  and  Girder  Connection. 

5.  Windows.  —  Windows  to  be  placed  as  high  and  made  as 
wide  as  possible  to  obtain  the  best  light,  and  the  use  of  ribbed 
glass  is  recommended  in  upper  sashes. 

Four-story  Storehouse.  —  Fig.  16  illustrates  the  best  prac- 
tice for  a  storehouse  more  than  two  stories  in  height,  intended 
for  the  storage  of  raw  stock  or  goods.  The  important  features 
of  design,  which  should  be  especially  kept  in  mind  when  applying 
to  special  cases,  are  as  follows: 

Construction.  —  The  area  of  each  compartment  to  be  pref- 
erably 5000  square  feet  but  not  over  10,000  square  feet  for  non- 
hazardous  storage;  5000  square  feet  is  the  usual  standard  for 
cotton.  The  height  of  each  story  for  cotton,  or  for  other  readily 
inflammable  material,  should  be  such  as  to  permit  the  storage 
of  but  one  bale  on  end  —  8  feet  from  floor  to  floor  is  generaUy 
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[fiffidefit.  When  designed  for  cased  goods  the  hcHght  ehould 
I  be  sufficient  to  take  two  cases,  with  10  inches  to  12  inches  under 
I  the  beiimi?,  in  order  not  to  impede  the  diHtrihiition  of  water  from 
Itlic  sprinklers.  Ample  provision  for  ptussageways  should  also 
I  be  made. 

The  compartments  should  be  separated  from  each  other  by 
Ifiolid  brick  walls  and  be  accessible  only  from  the  elevator  and 
iBtair  tower,  with  the  openings  here  protected  by  standard  auto- 
imatic  sliding  6re  doors.  This  will  confine  damage  to  the  com- 
Qent  in  which  a  fire  may  start. 

Walls.  —  To  be  same  as  for  mill  building  previously  de- 
fecribed. 

Roofs.  —  Generally  same  as  for  mill  btiilding.  Conductor 
pipe^  shouUI  not  pa^^  throyi^h  the  building  unless  the  storehouse 
is  to  be  heated  in  winter.  The  tire  wall  should  be  carried  2^  feet 
above  the  roof,  and  provideti  with  vitrified  coping  laid  in  Portland 
cement  mortar. 

Floors.  "-  Floors  on  eiich  story  in  the  tower  should  t>e  about 
one  inch  lower  than  the  floors  in  the  adjoining  compartment. 
The  sills  should  be  sloped  to  make  up  for  this  difference  in  leveL 
The  sill  of  the  out^de  door  in  the  tower  should  also  be  lower  than 
the  tower  floor. 

Water  on  floors  in  the  tower  will  ordinarily  flow^  down  the 
i  stair  and  elevator  shaft,  and  arrangement  of  floor  levels  indicated 
above  will  ordinarily  prevent  water  coming  from  an  upper  floor 
from  flowing  into  one  of  the  lower  compartments,  if  it  is  escaping 
through  the  tower.  Cast-iron  scuppers  are  advised  and  sliould 
be  set  in  the  brickwork  at  frequent  intervals,  so  designed  thiit 
tbey  w ill  carry  away  rapidly  a  maximum  quantity  of  water  from 
the  floors  of  each  compartment  (&ce  Chapter  XI).  Water-tight 
floors  are  always  desirable  and  become  a  necessity  in  certain 
Btorehousea  with^valuable  contents,  but  in  three-  and  fotir-st<jry 
!  etorehouses  are  not  usually  considered  essential.  In  higher 
buildings  one  or  two  floors  are  often  covered  with  an  inch  of 
rock  asphalt,  properly  apphed  and  turned  up  around  post^  Und 
at  walls  about  4  inchi^.  Contsiderable  care  is  necessary  in  con- 
Btructing  a  water-tight  floor  if  satisfactory  results  are  to  be 
'  ohtained.  All  water  will  then  pass  out  at  the  scuppers  and  no 
damage  is  caused  on  floors  below.  There  must  be  no  vertical 
openings  through  floors  except  in  the  tower.  Fire  thus  cannot 
g«in  acceas  from  one  floor  to  anotlier  without  burning  through 
1  the  srdid  plank  floor. 

Floors  should  be  of  spruce  plank  3  inches  or  4  inches  or  inore 
[in  thickness  according  to  the  floor  ioad  and  should  be  spiked 
[directly  to  the  flt>or  timbers.  In  floors  and  roof  the  bays  should 
be  from  8  to  10 J  feet  wide  and  all  plank  two  bays  in  length  hud 
'  to  break  joints  every  4  feet  anil  groovetl  for  hard-wood  splines, 
'  The  piank  at  the  walls  should  be  left  out  until  the  windows  are 
put  in,  to  prevent  damage  from  sweUing  in  ca.se  of  rain. 

The  top  floor  should  be  of  maple  or  other  close-grained  liard 
wood.    The  floor  and  roof  timbers  should  be  of  sound  Georgia 
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pine  in  single?  sticks,  if  pos.sible,  but  if  iier'essary  to  use  double 
beams,  they  should  !:«?  bolted  togetijcT  witliout  air  space  between 
Timbers  should  rest  on  cast-iron  plates  or  beam  boxes  in  thi 
walls  and  on  cast-iron  caps  in  the  (^ohmms.  At  least  a  half  ai 
inch  air  space  should  be  left  around  all  beams  built  into  th< 
masonry^  Columns  of  8oulbern  pine  should  be  cut  with  thei: 
ends  square  with  the  axi.s. 

Windows  may  be  of  small  areaj  but  should  be  placed  higl 
in  order  to  give  the  best  lifrht. 

pTotcriion.  —  A  standard  equipment  of  automatic  sprinklen 
should  bo  installed  throughout.  In  mild  climates,  and  ever 
under  some  conditions  in  cold  ones,  it  is  advisable  to  install  i 
hne  of  IJ-inch  Htearnpipe  overheaij  on  each  floor  to  pro^-idi 
sufficient  heat  to  avoid  freezing  of  the  water  in  the  sprinkle: 
p)pe&.  If  the  building  is  not  heated  an  air  system  witii  wate 
con  trolled  by  an  approved  dry-pipe  vidve  nnist  lie  itstid,  and  ai 
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FjQ,  16.  —  Typical  Four-story  Storehouse  (coiUinued). 

I  pipes  miist  have  J-inrh  pitch  per  10  feet  back  to  main  riser  to 
[insure  proper  <lmiua|i^c.  A  dry-pipe  valve  cliamher  may  be 
fJocated  in  the  basement  of  the  stair  tower.     The  number  of 

Bprinklers  on  one  <lry-pipe  vulve  should  preferalily  not  exceed 
'  200,   antl  400  is  the  maxiiTmm  allowed  under  the  rules.     By 

heating  the  storehouse  the  expense  of  iohitalliition  and  UKiijd.e- 
Lniince  of  the  dry-pipe  system  is  avoitled,  and  in  buihlings  of  this 
|6ijl:j«tantial  character  only  a  ver>^  small  amount  is  needed,  as 
lit  ia  only  necea^iiry  to  keep  the  tempera! ure  aljove  the  freezing 
I  point. 

I  Stand  jn  pea. — -  iSt  and  pipes  are  often  ad\isable  in  the  stair 
fU)wers  of  the  liijijher  fitorehouaes,  anti  provision  should  be  made 
f1ick>w  frost  for  draining  them  in  cold  weather,  with  a  readily 
[•accessible  indicator  jxist  gate  for  controlling  the  ftupply  in  case 
[of  emtTgeney. 

Water  supply  to  tho  sprinkler  tmd  aiirndpipm^  sua  'wtiVL 
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for  such  outside  hydrants  as  may  be  needed,  should  be  of  good 
capacity  from  two  independent  sources,  such,  fur  example,  as  ia 
outUned  in  description  of  Fig.  4. 

One-stor}'  Storeliouse.  —  Standard  construction  for  one- 
story  conipartment  sturehouaes,  intended  primarily  for  the 
storage  of  cotton  but  adapted  for  other  stock  in  bales  or  casc^a, 
is  shown  in  Fig,  17.  The  design  iUustratea  tlie  following  special 
points*  which  insure  the  lowest  possible  insurance  charges: 

Co7iMru4Uion.  —  Tfie  area  of  each  compartment  should  not 
be  over  10,(XH)  square  feet  for  non-hazardous  storage,  nor  more 
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than  5000  square  feet  for  cotton >  The  height  should  accon 
modate  one  bale  starnlinp;  on  end  with  good  clearance  spa 
above,  to  provide  for  distribution  of  water  from  sprinklers  or  1 
allow  ciised  goods  to  be  piled  tw^o  high  without  coming  up  betwe 
thii  beams,  should  it  be  desired  to  use  a  section  whollv  for  th 
purpose.     Nothing  sliouM  ever  be  piled  between  the  beama 
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rithin  a  foot  of  tlu'  under  side  of  thern^  as  not  only  is  ilirttrihiition 
|t>f  water  implied  but  the  mprinklor  pipes  arc  liable  to  be  «truck 
nd  belli  or  broken  from  tht^r  fasten iiigrs. 

Each  section  as  designed  ban  a  cjipacity  of  BfM)  bales  of  cotton 
^n  end  or  corresponding  quantities  of  other  stoek. 

The  cornpartrnent!^  are  t^parated  l>y  a  brick  fire  wall  12 
ncbes  thick  extcndiuf^  not  Ir^n  than  2  feet  abttvc  tbc  nKti  and 
provided  with  a  Aitrilied  roping  laid  in  eement  mortar  at  the 
op.     There  should  he  no  dtwrways  in  these  division  wallt^, 

Tbe  si<lc  walls  arc  of  isriek  8  in^hc!^  thick  reinforced  by  12- 
Qch  pilasters.     Sohd  12-ineh  walls  througlioiit  will  be  a  little 
Imore    sub-stantiid    and    not   much    more   expensive.     All   door 
I'Openings  have  roni:id-nosed  l>rieks  at  the  edge^. 

The  floors  of  couerefe,  pitched  slightly  to  the  doors,  are  laifl 
ome  disiatice  above  the  natural  Murface  of  the  ground.  In  caf^e 
he  ground  is  wet,  open  tiled  drains  should  he  laid  around  the 
tjgefi  of  the  compartment  inside  the  foundation  and  tar  concrete 
for  the  f1*K)r  rnateriah 

The  roof 9  are  built  of  plank  and  timber  supported  on  aub- 
[taniiaJ  posts  having  the  comers  rounded.     It  is  often  advisable 
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19. -^Detail  or  Post  and  Roor 
Timbera. 


>  sheathe  those  posts  with  iron  aliout  3  fee  t  high  from  the  floor 
'-■t  tbom  from  trucks.  In  no  case  shoidd  timber  less  than 
in  thieknesa  be  used,  a>i  very  light  beams  are  readily 
hie  and  even  a  sliglit  charring  takes  away  a  large  pn>- 
^'rtioQ  of  their  strength.  The  roof  covering  is  5*ply  felt  tar  and 
&»vel  and  subatantial  zinc  flashing  is  used  where  neees^sary. 
ii|t,  18  shows  a  section  A-B,  illustrating  the  roof  at  the  division 
Fig.  19  showB  a  post  and  roof  timbers,    The  ^EtLvebOii^A 
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iron  ventilators  should  be  of  such  design  as  to  prevent  the  en- 
trance of  sparks  from  exposures. 

The  windows  are  placed  as  high  as  possible  and  have  wooden 
frames  glazed  with  common  glass.  The  sashes  are  hinged  at  the 
bottom  to  swing  inward  and  provided  with  chains  and  catch. 
Doors  and  windows  need  special  protection  if  there  are  exposures. 

Protection.  —  A  standard  equipment  of  automatic  sprinklers 
should  be  installed  in  each  section.  If  the  building  can  be 
sUghtly  heated  the  water  may  be  kept  on  the  sprinklers  through- 
out the  year,  but  if  there  is  danger  from  freezing,  an  air  system 
with  the  water  controlled  by  an  approved  dry-pipe  valve  must 
be  used.  All  pipes  must  have  at  least  J-inch  pitch  per  10  feet 
back  to  the  main  riser  to  insure  proper  drainage.  The  number 
of  heads  in  each  section  of  this  size  (50  by  100)  is  such  that  five 
compartments  may  be  controlled  by  one  dry-pipe  valve  located 
in  the  middle  section.  The  valve  room  is  built  low  in  the  ground 
with  double  walls,  roof,  window,  and  door,  to  prevent  entrance 
of  frost,  and  in  the  colder  cUmates  artificial  heat  such  as  steam 
or  an  electric  heater  is  advisable.  In  mild  climates  it  is  usually 
preferred  to  run  a  line  or  two  of  steam  pipe  overhead  in  each 
section  of  the  storehouse  for  use  in  the  few  cold  days,  and  thus 
avoid  the  expense  of  installation  and  maintenance  of  a  dry-pipe 
valve.     The  protection  by  this  method  is  much  superior. 

Water  supply  to  the  sprinklers  as  well  as  for  such  outside 
hydrants  as  may  be  needed  should  be  of  good  capacity  preferably 
from  two  independent  sources  such,  for  example,  as  outlined  for 
Fig.  4. 

One-story  Workshop.  —  For  workshops  on  cheap  level 
land,  especially  where  the  stock  is  heavy,  one-story  buildings 
have  proved  to  be  more  economical  in  cost  of  floor  area,  super- 
vision, moving  stock  in  process  of  manufacture;  and  machinery 
can  be  run  at  greater  speed  with  less  repairs  than  when  in  high 
buildings.  While  the  saw-tooth  form  of  roof  illustrated  in  a 
following  paragraph  is  applicable,  it  may  not  always  be  necessary 
or  advisable;  and  a  type  common  for  machine  shops,  foimdries, 
and  similar  occupancy,  where  increased  head  room  is  required 
and  traveUng  cranes  used  is  outlined  in  Fig.  20.  The  center 
section  over  the  crane  is  often  provided  with  saw-tooth  skylights 
with  excellent  results,  and  the  side  bays  and  others  made 
higher  for  a  gallery.  These  buildings  are  readily  warmed  and 
ventilated,  and  the  heavy  plank  roofs  are  free  from  condensation 
in  cold  weather.  Window  areas  should  be  as  large  as  practi- 
cable and  extend  as  high  as  possible.  Forced  circulation  of 
heated  air  is  very  desirable  in  connection  with  overhead  steam 
pjpes. 
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Roofs.  —  The  principles  of  standard  mill  construction  as 
given  for  modern  mill  building  should  be  followed.  Trusses  in 
roofs  are  ordinarily  from  8  to  20  feet  on  centers,  the  3-inch  plank 
spanning  the  distance  between  the  trusses  or  resting  on  purlins 
not  less  than  8  feet  on  centers  and  running  longitudinally.  It 
is  of  importance  that  monitors  be  of  substantial  plank  construc- 
tion with  wide  bays,  as  in  the  main  roofs. 

When  in  locations  exposed  by  other  buildings  of  hazardous 
construction  or  occupancy,  parapetted  brick  walls  and  cornices 
are  needed. 

Floors.  —  If  earth  or  cement  concrete  floors  are  not  suitable 
and  wood  floors  are  necessary,  they  may  be  made  up  of  broken 
slag  or  stone  several  inches  thick  and  thoroughly  rolled,  upon 
which  is  a  layer  of  4  inches  of  tar  concrete  and  on  this  one  inch 
of  asphalt  evenly  rolled.  On  this  2-inch  or  3-inch  hemlock  plank 
bedded  in  hot  pitch  are  laid  and  over  them  a  |-inch  or  Ig-inch 
maple  floor  is  laid  at  right  angles  to  the  plank. 

Protection,  —  These  types  of  wide  bay  construction  are 
adapted  to  economical  installation  of  a  sprinkler  equipment  as 
the  minimum  number  of  heads  is  required,  thus  keeping  down 
the  cost. 

The  usual  outside  fire  protection  appliances  are,  of  course, 
to  be  provided. 

Fire  Curtains.  —  For  fire-  or  heat-stops  under  long  roof  areas, 
see  Chapter  XXI. 

"Saw-tooth"  Roofs.  —  The  great  advantages  and  the  in- 
creasing use  of  saw-tooth  roof  construction,  and  the  lack  of 
familiarity  with  it  at  many  factories,  make  it  desirable  to  outline 
important  features. 

Two  typical  designs  are  illustrated;  Fig.  21,  a  textile  weave 
shed  with  good  basement  for  shafting  for  driving  looms,  on  main 
floor  above,  thus  dispensing  with  the  overhead  shafting  and 
belting  in  the  weave  room;  Fig.  22,  a  design  for  a  light  machine 
shop  or  foundry.  Other  designs  are  applicable  with  light  wooden 
trusses  or  reinforced  concrete. 

It  may  here  be  well  to  state  that  the  light  roof  of  2-inch  and 
3-inch  joists  and  boards  should  never  be  used  and  that,  while 
the  principles  of  slow-burning  or  mill  construction,  with  the 
heavy  timbers,  are  preferred,  the  increasing  difficulty  of  promptly 
obtaining  yellow-pine  lumber  of  good  dimensions,  and  its  in- 
creasing cost,  often  necessitate  the  use  of  trussed  forms,  using 
rather  light  timbers,  but  in  no  case  should  they  be  less  than 
six  inches  in  width  and  of  depth  sufficient  to  carry  the  load,  this 
in  order  that  they  may  be  "slow-burning."  The  roof  in  all  cases 
should  be  of  plank  with  wide  bays. 

The  adaptability  of  the  light  forms  of  steel  for  framing 
trusses,  especially  when  wide  spans  are  needed,  often  compels 
theJT  use,  and  in  plants  having  safe  occupancy,  such  as  metal 


94  FIRE   PREVENTION   AND   FIRE  PROTECTION 

workers,  are  not  objectionable,  providing  adequate  sprinkler 
protection  with  good  water  supply  is  available  to  prevent  quick 
failure  of  the  steel  work,  due  to  heat  from  combustion  of  contents 
or  roof.  Similar  protection  is,  of  course,  needed  in  shops  with 
wooden  trusses  if  disastrous  fires  are  to  be  prevented,  but  ex- 
perience has  shown  that  the  steel-trussed  roof  will  fail  much 
quicker  than  would  one  of  wood  under  similar  conditions. 
Wooden  posts  are  nearly  always  available  and  should  be  given 
preference,  but  if  light  steel  columns  are  necessary  they  should 
be  well  protected  by  insulating  materials,  if  in  rooms  containing 
combustibles,  as  the  column  is  the  vital  part  of  the  roof  support. 

The  advantages  and  disadvantages  of  saw-tooth  roofs  may 
be  outlined  as  follows: 

Advantages.  —  Uniform  diffusion  of  light  throughout  the 
room,  thus  making  all  space  in  it  available.  With  all  interior 
surfaces  painted  white  and  with  ribbed  glass  in  the  sash,  the 
diffusion  of  light  is  almost  perfect. 

Adaptability  for  lighting  large  floor  areas  in  wide  buildings 
with  low  head  room  compared  to  what  is  necessary  in  wide 
buildings  with  the  ordinary  form  of  monitor  skylights. 

They  provide  the  true  solution  to  the  problem  of  excluding 
the  direct  rays  of  the  sun  and  obtaining  the  very  desirable  north 
light. 

Economy  in  lighting,  in  that  they  lessen  the  fixed  charges 
due  to  the  lessened  number  of  hours  per  day  during  which  arti- 
ficial light  is  necessary. 

Better  working  conditions,  especially  in  textile  mills,  there- 
fore increasing  production  and  encouraging  permanency  of  the 
help. 

The  saw-tooth  form  is  especially  adapted  to  weaving  and 
similar  processes  in  textile  factories,  machine  shops,  foundries 
doing  light  work,  and  similar  work,  such  as  assembUng  and 
drafting,  and  in  some  dye  houses  where  careful  matching  of 
colors  is  necessary. 

Disadvantages.  —  While  testimony  of  those  having  had  ex- 
perience with  saw-tooth  roofs  is  almost  imiformly  favorable, 
more  or  less  difficulties  have  been  experienced,  practically  all  of 
which  may  be  summed  up  as  due  either  to  faulty  design  or  poor 
workmanship.  The  difficulties  in  general  are  caused  by  leaks, 
due  to  severe  conditions  during  winter  in  our  northern  climates, 
poor  ventilation,  excessive  heat  when  roofs  are  thin,  or  excessive 
condensation  on  under  side  of  roof  and  glass  when  the  temperature 
outside  is  low  and  there  is  considerable  moisture  in  the  rooms. 

Suggestions. — The  following  suggestions  show  how  these 
difficulties  may  be  obviated  if  applied  to  special  cases  by  com- 
petent engineers  or  architects.  What  is  good  engineering  from 
the  view-point  of  the  manufacturer  can  also  be  good  fire  protec- 
tion engineering,  and  any  design  should  be  adapted  to  both  if 
the  best  interests  of  the  manufacturer  are  tp  be  served. 

a.   It  being  desirable  to  avoid  direct  sunlight  and  at  the 
same  time  obtain  abundance  of  fight  perfectly  diffused,  the  saw- 
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teeth  should  face  approximately  north  and  the  glass  should  be 
inclined  to  the  vertical  to  take  advantage  of  the  brighter  light 
in  the  upper  sky  and  to  prevent  cutting  off  the  hght  by  the  saw- 
tooth immediately  in  front,  and  above  all  to  assure  the  diffusion 
of  the  hght  upon  the  floor  rather  than  on  the  under  side  of  the 
roof  planking. 

b.  For  the  glass  an  angle  of  20  degrees  to  25  degrees  with 
the  vertical,  and  an  angle  of  approximately  90  degrees  at  the 
top  of  the  saw-tooth  will  be  about  right,  the  variations  to  depend 
on  the  amount  of  light  required  and  the  latitude.  A  sharper 
angle  at  the  top  is  not  needed,  as  it  increases  the  cost,  there  being 
more  roof  to  cover  and  larger  spans.  More  glass  is  also  required 
in  proportion  and  the  light  is  not  as  good,  more  sky  light  being 
lost  and  too  much  thrown  on  under  side  of  roof. 

c.  Double  glazing  with  space  between  is  preferred  on  account 
of  its  conducting  qualities,  but  is  not  always  necessary,  except 
in  the  north  coimtry.  The  inside  glazing  should  be  factory 
ribbed  glass,  with  ribs  vertical  and  inside.  Shadows  cast  by 
trusses  are  then  almost  unnoticeable. 

d.  Condensation  gutters  are  needed  inside  at  the  bottom  of 
the  sash  and  they  should  be  drained  through  inside  conductors 
and  not  to  the  outside  under  bottom  of  the  sash,  as  these  latter 
admit  cold  air  and  are  liable  to  freeze. 

e.  Valleys  between  the  saw-teeth  should  be  flat,  14  inches 
to  2  feet  in  width  and  pitched  one-half  inch  per  foot  towards 
the  conductors,  which  should  be  of  ample  size,  and  not  much 
over  50  feet  apart,  and  preferably  less.  The  necessary  pitch 
may  be  obtained  by  cross  pieces  of  varying  heights  on  top  of 
the  trusses,  thus  avoiding  hollow  spaces. 

/.  Leaks,  a  common  fault,  may  ordinarily  be  prevented  by 
careful  design  of  gutters,  valleys,  and  sashes,  and  by  insisting 
on  good  workmanship  and  materials.  The  roof  covering  of 
asphalt  or  pitch  should  be  continuous  through  the  valleys  and 
extend  up  to  the  glass.  One  form  of  construction  understood 
to  have  been  very  satisfactory  is  illustrated  in  Fig.  23,  and  in 
connection  with  it  reference  should  be  made  to  the  papers  and 
discussion  on  "Saw-tooth  Roofs"  in  Transactions  A.  S.  M,  E., 
Vol.  XXVIII  (1907),  which  contain  much  of  value. 

g.  Experience  has  demonstrated  the  advantage  of  a  com- 
bination of  direct  radiation  with  a  fan  sufficient  only  for  ven- 
tilation and  tempering  the  room.  Heating  pipes  should  usually 
be  placed  overhead  and  directly  under  the  front  of  the  saw-teeth 
and  run  the  entire  length,  and  in  this  position  assist  in  prevent- 
ing condensation.  Where  there  is  no  moving  shafting,  some 
forced  circulation  is  necessary,  and  is  best  obtained  by  fan,  often 
driving  air  from  a  dry  basement  or  outside  as  required,  and  dis- 
charging it  over  heating  coils  to  the  floor  above.  In  weave  and 
similar  rooms  is  this  especially  necessary  and  advantageous  in 
promoting  health  and  comfort  of  employees,  making  greater 
efficiency  possible.  Ventilation  and  coohng  of  these  large  areas 
fvj'tl]  comparsitively  low  stories  must  not  be  neglected.     Ample 
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I4ure  needed  at  top  in  the  shape  of  largo  metal  ventilatorH 

^A>u^ilo  \\n\U  ;tncl  light  dampers.     They  tire  rcLUJiiimeTided 

tead  of  pi\x>ted  or  swinging  sash^  which  are  apt  ta  letik  in 

[driving  intones,  iind  uhen  (jj>en  allow  dijt,  to  blow  in  <rfT  thc^  roof. 

Good   w in <  lows  arc  advi&ed  in  side  waXk  imd  experience  has 

8ho\^Ti  their  value. 

h.  PVaming  of  the  saw-teeth  may  be  in  the  timber,  steel,  or 
I  reinforced  eonerete.  The  de.^ign  should  Imj  such  tus  to  obstruct 
1  the  light  as  Httle  as  possible  ami  strong  eiumgti  to  hold  wet  snow 
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Fig.  23,  —  Detail  of  Valley  of  'VSaw- tooth  "  Roof. 

lithout  sagging,  and  stiff  enough  to  t^arry  «haftiiig  motors,  ete,, 
irbeu  they  are  to  be  overhead.     When  vscx^d  or  nteel  is  used  the 
of  pLn^nking  should  ht3  'd  inches  or  over,  spanning  wide  bavs 
r  8  to  10  feet. 

Hollow  spaces  in  roofs  should  not  be  permitted.  They  am 
./  undesirable  from  a  fire  standixiint,  and  any  eondenBation 
irhich  may  take  place  in  them  during  cold  weather  soon  rots 
uth  plank  and  sheath  in  g« 

Sheathing,  even  without  Bpaees  litehind  it,  is  more  or  hm  a 

feature,  us  it  is  readily  combust i I >le,  but  if  used  should  be 

Applied  directly  to  the  nnder  side  of  the  roof  plank,  with  only  a 

'ftyer  of  some  insulating  material  betwe*Tn,  8c>  that  there  may  Ije 

»  concealed  space,     if  three-inch  plank  is  suthrient  for  a  flat 

[>f  it  should  bc^  for  a  saw-tooth,  and  with  gotid  circulatitm  of 

there  ylamld  he  no  trouble  exccipt  in  wet  rooms,  wherii  con- 

Qsaiion  is  bound  to  oreur,  whether  untler  a  roof  or  the  floor  of 

he  rcDom  above,  unless  large  quantities  of  dry  air  are  discharged 

ato  the  room. 
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Saw-tooth  roofs  necessarily  cost  more,  as  there  is  practically 
the  same  amount  of  roofing  as  in  flat  roofs,  and  in  addition  there 
is  the  cost  of  windows,  glazing,  flashing,  conductors,  condensa- 
tion gutters  for  the  skyUghts,  and  a  somewhat  larger  cost  of 
heating.  The  additional  cost  of  these  items  does  not,  however, 
fairly  represent  comparative  cost,  as  there  should  be  considered 
the  total  cost  of  the  building  compared  with  ordinary  one  of 
sufficiently  high  stories  and  narrow  enough  to  give  the  required 
light.  When  this  is  done  the  slight  additional  cost  is  far  out- 
weighed by  advantages  of  the  type  for  work  where  good  light  is 
desirable. 

Requirements  of  National  Board  of  Fire  Underwriters.  — 

The  foregoing  descriptions  of  mill  constructed  buildings  consti- 
tute the  practice  recommended  by  the  Boston  Manufacturers 
Mutual  Fire  Insurance  Company  after  years  of  experience  in 
this  class  of  risks.  Similar  specifications  of  design  and  con- 
struction, only  much  more  limited  in  scope,  are  promulgated 
by  the  National  Board  of  Fire  Underwriters  in  the  leaflet  *' Uni- 
form Requirements,"  copies  of  which  may  be  had  by  addressing 
the  National  Board,  135  William  St.,  New  York  City,  or  the 
National  Fire  Protection  Association,  87  Milk  St.,  Boston. 

The  latter  requirements,  however,  are  made  principally  from 
the  standpoint  of  underwriters,  and  are  in  no  way  intended  as  a 
guide  to  architects  or  mill  engineers  with  reference  to  strength. 

Questions  of  pure  construction,  strength,  etc.,  in  mill  build- 
ings should  be  governed  by  recognized  principles  of  good 
practice,  even  though  local  building  laws  or  underwriters'  re- 
quirements permit  less. 

Dry  Bot  in  Timbers.  —  In  describing  the  construction  of  a 
modem  slow-burning  mill  building,  attention  has  been  called 
to  the  necessity  of  boring  1^-inch  holes  through  the  centers  of 
wood  columns,  also  to  the  fact  that  such  columns  should  not 
be  painted  imtil  thoroughly  seasoned.  This  is  to  prevent  dry 
rot  in  the  timbers  —  a  decay  or  disease  which  may  cause  serious 
failure,  as  is  proven  by  the  sudden  collapse  of  a  factory  building 
in  New  York  City,  after  a  fire  in  the  building  in  question  was 
well  under  control  by  the  fire  department.  An  examination  made 
by  Prof.  Ira  H.  Woolson  demonstrated  the  fact  that  the  collapse 
resulted  from  dry  rot  which  had  seriously  weakened  the  wooden 
columns. 


Dry  rot  is  a  well-known  fungous  disease  of  wood,  which  is    ■; 
-sure  to  develop  when  green  or  wet  timber  is  encased,  so  that  air    *'j 
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may    not   circulate    aroimil    it.     Most    building    epDcifitations 
require  tliiit  the  ends  of  woodi^n  t>eama  en  eased  in  walb  Khali 
have  an  air  ispa»^('  around  tlietn  to  prevent  dry  mt*     Tlie  rulea 
uf  the  Faetory  Mutual  Insurance  CnitipanieH  itf  Husi4*n  .specify 
that  wooden  po.slf^  shall  have  a  one  and  one-half-inch  hfde  bored 
through  tiieni,  and  two  ont^half-ineh  IkjIch  erowswii^e  near  the 
top  and  bottom  to  preveut  elieeking.     No  mention  is  made  of 
this  pruv4:<ion  being  a  preventive  of  thy  rot^  but  it  is  quite  certain 
that  if  the  po^ts  in  this  building  ha*!  been  thiLH  bored  tliey  would 
I  not    have    rotted.     The   timber    was   doubtle.sa   only    partially 
fBeasonedt  aa^l  the  plai-ing  oi  the  ftuu-inrh  weket  vtips  upon  it 
effectually  exelu*1ed  the  air  from  the  ends»  giving  the  moisture 
no  chanee  to  escape.     Ars  a  result  dry  roi  tieveloped,  and  has  been 
lilowly  progressing   until  practically  the   whole  croJHs-seetion  of 
the  po«t»  had  hrtni  reduced  to  a  dry  punk,  which  could  t>e  broken 
by  the  fin|Ters,  an<.l  would  ignite  rrom  a  match.     The  worst  feature 
of  this  kind  of  de<'ay  lies  in  the  fact  that  it  proceeds  from  the 
interior,  the  outside  neasouefi  t^hell  of  the  timber  giving  no  indi- 
cation of  the  rottenness  witluTi.     It  \a  possilile  that  the  maun- 
facture  of  paper  in  the  Vaiildinp;  may  have  produeed  a  moist 
atmosphert*  which  aided  the  decay  after  it  had  once  begun. 
Another  interesting  ptjint  in  connection  witl>  the  matter  is  that 
rliis  condition  has  bi'cn  lirought  aVjout  in  a  jieriod  of  eighteen 
years.     It  was  about  twenty-five  years  ago  thitt  the  late  Edward 
(Atkinson  began  to  advocate  the  merits  of  Blow-bunung  milJ  con- 
it  ruction  in  which  heavy  timlicr  framing  of  thi8  character  wag 
aployeil.     A  large  mimbcn"  of  factories  and  warehouset?  have 
en  erected  since  that  time  of  similar  construction.     It  is  itn~ 
ortant  to  know  how  many  of  tlaan  are  getting  into  a  dangerous 
ondition  by  this  slow  method  of  deterioration.     If  the  poatti  of 
ueh  buildings  have  l>een  bored  as  described  above,  they  are 
probably  in  as  perfect  conditi^m  t'lulay  as  when  installed,  but 
nfortunulely  all  liuililin^  sjiet  ah  cations  have  not  made  boring 
posts  a  requisite,  and  where  buildings  were  erected  as  this 
i  was,  not  confonning  to  slow-l>uriiing  const mctioUj  it  is  very 
kelv  this  provision  of  }H"ist  protection  was  seldom  employed, 
he  soundness  of  posts  in  such  buildings  today  will  depend  upon 
beir  degree  of  flr>'ness  when  installed,  the  snugness  with  which 
be  c^p?*  fitted,  as  well  tin  the  atmospheric  conditions  of  the  build- 
\g,  whether  dry  or  dam]>,  Mid  other  things  such  lit^  paint  iug,  etc. 
i  well  known  that  painting  of  timber  before  it  is  thoroughly 
j*>ned  is  conducive  to  dry  rot. 

Fortunately  the  condition  of  such  posts  can  easily  be  aacer- 
aed  by  boring  a  half-inch  hole  through  them. 
Willie  yellow^  pine  will  yield  to  drj'  rot  under  favorable  Rur- 
-undinga,  still  it  is  not  so  susceptible  to  the  disesise  as  oak,  and 
ih  knowT)  that  certain  rot  fungi  will  attack  harrlwootls^  and  not 
ack  resinovis  woods  like  pine.  It  may  be  that  the  yellow-pine 
liber  in  tliis  building  was  less  affecteiJ  by  the  rot  than  the  oak 
^U9e  the  particular  fungus  which  caused  the  trouble  would 
t  thrive  in  pine,  or  it  may  have  been  much  better  seasoned  than 
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the  oak.  At  least  it  is  encouraging  that  the  yellow  pine  appar- 
ently resisted  the  disease  best,  for  the  day  of  oak  construction  is 
nearly  gone,  and  the  larger  proportion  of  such  constructions  in 
the  past  twenty  years  has  probably  been  of  pine.* 

See,  also,  paragraph  ''Mill  Construction,"  Chapter  XXV, 
page 

Approximate  Cost  of  Mill  BuUdlnss.  —  The  following 
paper,  presented  before  the  New  England  Cotton  Manufac- 
turers* Association,  April,  1904,  by  Mr.  Charles  T.  Main,  M.  Am. 
Soc.  M.  E.,  Mill  Engineer  and  Architect,  Boston,  is  used  by 
permission.  The  data  has  been  revised  by  Mr.  Main  to 
conform  to  prices  of  materials  and  labor  prevailing  about 
January,  1910. 

****** 

"It  is  sometimes  convenient  to  be  able  to  tell  off-hand  the 
approximate  cost  of  proposed  buildings,  or  the  cost  if  new,  of 
existing  buildings,  without  going  through  an  estimate  of  all  the 
quantities  of  materials  and  labor.  It  is  not  an  uncommon  thing 
to  hear  the  cost  of  mill  buildings  placed  from  70  cents  to  $1  per 
square  foot  of  floor  space,  regardless  of  the  size  or  number  of 
stories.  There  is,  however,  a  wide  range  of  cost  per  square  foot 
of  floor  space,  depending  upon  the  width,  length,  height  of  stories 
and  number  of  stories. 

Some  time  ago,  I  placed  a  valuation  upon  a  portion  of  the 
property  of  a  corporation,  including  some  400  or  500  buildings. 
In  order  to  have  a  standard  of  cost  from  which  to  start  in  each 
case,  1  prepared  a  series  of  diagrams  showing  the  approximate 
costs  of  buildings  varying  in  length  and  width  and  from  one 
story  to  six  stories  in  height.  The  height  of  stories  also  was 
varied  for  different  widths,  being  assumed  13  feet  high  if  25  feet 
wide,  14  feet  if  50  feet  wide,  15  feet  for  75  feet,  16  feet  for  100  feet  ■ 
and  over.  % 

The  costs  used  in  making  up  the  diagrams  are  based  largely 
upon  the  actual  cost  of  work  done  under  average  conditions  of     - 
cost  of  materials  and  labor  and  with  average  soil  for  foundations.    ^ 
The  costs  given  include  plumbing,  but  no  heating,  sprinklers,     ^ 
or  lighting.     These  three  latter  items  would  add  roughly  10  cents 
per  square  foot  of  floor  area.  •? 

*  See  "Dry  Rot  in  Timbers,"  by  Prof.  Ira  H.  Woolson,  formerly  Adjunct     ' 
Professor   of   Civil    Engineering,    Columbia   University.     Engineering   News,     - 
December  2,  1909.  3: 
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Use  of  Diagrams.  — The  accompan^nng  diagrams,  (Firh,  24» 

25,  26,  27,  28,  ami  2B),  ran  be  uaod  lo  dt'torinim^  the  pruliable 

approxiinate  coat  of  proposed  brick  buildings,  of  the  ty\>e  known 

as  ^'slow-burning"  to  be  used  for  manufacturing  purposes,  with 

|a  total  fltior  loiul  of  alioiit  75  pounds  per  s^qujtre  fcrt>t,  and  these 

Iqm  be  taken  from  the  diugmrns  readily.     The  curvf^s  were  de- 

[  rived  primarily  to  ehoi;v  the  estimatcti  cost  per  square  foot  of 

gross  floor  area  of  brick  buildings  for  textile  mills,  and  to  include 

ordinary  foundationn  and  plumbing.     For  example,  if  it  ia  de- 

siretl  to  know  the  probable  cost  of  a  mill  4rX)  feet  hmg  l)y  100  feet 

wide,  tbrc<»  stones  high,  refer  to  the  curves  showing  th(*  cost  of 

Lthree-atory  buildings.     On  the  cur\'e  for  buildings  100  feet  wide, 

I  find  the  point  where  the  vertical  line  fjf  400  feet  in  length  cuts 

I  the  curv^e,  then  niovi^  honzontully  jdong  tlils  line  to  the  left- 

hand  vcrticid  hne^  on  which  will  be  found  the  cost  of  81  cents?. 

The  cost  given  is  for  brick  manufacturing  buikling,s  under 
average  conditions  and  can  be  modified  if  neccswiiry  for  the 
following  conditioned: 

(a)  If  the  soil  is  poor  or  the  conditions  of  the  site  are  such  as 
require  more  than  the  ordinary  amount  of  foundations,  the 

Icoet  will  be  increased, 

(b)  If  the  end  or  a  side  of  the  building  is  formc<l  by  another 
building,  the  cost  of  one  or  the  other  uill  be  reduced  slightly, 

(c)  If  the  building  is  to  be  used  for  ordinary  stonige  purposes 
ith  low  stories  and  no  top  floi>ra,  the  cost  will  be  decreasetl 

I  al>out  10  per  cent,  for  lai^e  low  buildings,  to  25  per  cent*  for 
nail  high  ones,  about  20  per  cent.  u.sually  being  a  fair  alknvance. 
id)  If  the  buildings  are  to  l)e  used  for  manufacturing  purposes 
nd  are  to  be  *?ubstaid  lally  built  of  wood,  the  cost  will  l>e  de- 
creased fn^iin  about  ti  per  cent,  for  large  one-story  buildings  to 
i  per  cent,  for  higli  isuiall  buildings;   15  per  cent,  would  usually 
a  fair  allowance. 

(c)  If  the  buiMingH  are  to  be  used  for  storage  with  low  stories 
&nd  built  subBtantially  of  wood,  tlie  cost  will  be  decreased  from 
13  per  cent,  for  large  one-stor>^  builrlings  to  50  per  cent,  for  i?mall 
high  buildings;  30  per  cent,  would  usually  be  a  fair  allowance, 
(/)  If  the  total  floor  loads  are  more  than  75  pounds  per  square 
E>t  the  cost  is  increased. 

(y)    For  office  buildings,  the  cost  must  Ije  ijicrcjused  to  cover 
i-chitectural  features  on  the  outside  and  interior  finish. 
The  cost  of  very  light  wooden  structures  is  much  less  than 


^■*°0     so    100   150   -^xi  'Xy\    ;*.>n  :j.ki  4^N^   4.^>  j^JtJ 
Lcnjtft]:!  i-u  ft . 
FiQ.  24.  —  Size-cost  Diagram  for  Brick  Mill  Buildings:  One-story. 


'^       IW      lol>     ^A)     ^^'     O'S.l      ^X/iF      li.-*^     ■!,)*!     .J0(> 

LeQ^k  in  U- 

J?Vo.   P5.  —  Size-cost  Diagram  for  Brick  M\\\  Bu\\d\ui.»-.  Tvjo-^Vot^, 
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"0    a)   nw  ir/i  ,m  2.y>  3cn)  av)  4>jo  iryj  so) 

Leoi5th  in  ft. 
2e»^Siw-coat  Diagram  for  Briek  Mill  BuUdinKs:  Thrce-flloiy. 


2.101 


0     ffO    ii^f  J.-v.'    -jifi   liTtit  :uM\   ;>.vj    im   4.*H)  'lOti 
Lviigth  in  ft. 


u 


i.    _    2f)o  m)  iwo  a50  400  ^50  500 

Length  in  ft. 
Fig.  28.^ — SEae-cost  Diagram  for  Brick  Mill  Buildings:    Five-atorj'. 


50    100    1-jL>  200    2.'iO  'M\    ^'jU   WtJ   ^  500 
^^-  ^-  Sise-cost  Diagram  for  Brick  MWl  BuMuiEa;  ^vx-bJicty, 
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the  above  figures  would  give.  Table  I  shows  the  approximate 
ratio  of  the  costs  of  diflferent  kinds  of  buildings  to  the  cost  of 
those  shown  by  the  curves. 

Evaluations.  —  The  diagrams  can  be  used  as  a  basis  of  valua- 
tion of  different  buildings. 

A  building,  no  matter  how  built  nor  how  expensive  it  was  to 
build,  cannot  be  of  any  more  value  for  the  purpose  to  which  it 
is  put  than  a  modern  building  properly  designed  for  that  par- 
ticular purpose.  The  cost  of  such  a  modem  building  is  then 
the  limit  of  value  of  existing  buildings.  Existing  buildings  are 
usually  of  less  value  than  new  modem  buildings  for  the  reason 
that  there  has  been  some  depreciation  due  to  age  and  that  the 
buildings  are  not  as  well  suited  to  the  business  as  a  modem 
building  would  be. 

Starting  with  the  diagrams  as  a  base,  the  value  can  be  approxi- 
mately determined  by  making  the  proper  deductions. 

The  diagrams  can  be  used  as  a  basis  for  insurance  valuations 
after  deducting  about  5  per  cent,  for  large  buildings  to  15  per 
cent,  for  small  ones,  for  the  cost  of  foundations,  as  it  is  not  cus- 
tomary to  include  the  foundations  in  the  insurable  value. 

Cost  Data. 

TABLE  II.  —  DATA  FOR  ESTIMATING  COST  OF  BUILDINGS. 


Foundations 
including  exca- 
vations. 
Cost  per  lineal 
foot. 

Brick  walls. 
Cost  per  square 
foot  of  surface. 

Columns 
including 
piers  and 
castings. 

For  out- 
side 
walls. 

For  in- 
side 
walls. 

Outside 
walls. 

Inside 
walls. 

Cost  of  one. 

One-story  building 

Two-story  building 

Three-story  building.  . . . 

Four-story  building 

Five-story  building 

Six-story  building 

$2.00 
2.90 
3.80 
4.70 
5.60 
6.50 

SI.  75 
2.25 
2.80 
3.40 
3.90 
4.50 

S.40 
.44 
.47 
.50 
.53 
.57 

S.40 
.40 
.40 
.43 
.45 
.47 

S15.00 
15.00 
15.00 
15.00 
15.00 
15.00 

Table  II  shows  the  costs  which  form  the  basis  of  the  estimates, 
and  these  unit  prices  can  be  used  to  compute  the  cost  of  any 
building  not  covered  by  the  diagrams.    The  cost  of  brick  walls 
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IB  based  OQ  22  bricks  per  cubic  fcjot,  costing  $18  per  thousand 
laid.  Openings  are  estimated  fit  40  cenia  per  square  foot,  in- 
cluding windows,  doom,  and  aills. 

Ordinary  mill  flmjrs,  including  timfjere,  pJanking,  and  top  Hoor 
with  Southern  pine  timber  at  S40  pt^r  thousand  feet^  B.  M.,  and 
spruce  planking  at  $30  per  thousiind,  co«t  about  32  centa  per 
square  foot,  which  has  been  used  as  a  unit  priw.  Ordinary  mill 
roofs  covered  with  tar  and  gravel,  with  lumber  at  the  above 
prices,  cost  about  25  cents  per  scjuare  foot  and  this  has  Ijeen  used 
in  the  estitnates.  Add  fur  stairways,  elevator  weUs,  plumbing, 
partitions,  and  special  work. 

Assumed  Height  of  Starles.  —  From  ground  to  fimt  floor, 
3  feet.  Buildings  2/j  feet  wide,  stories  18  feet  high.  Buildings 
50  feet  wide,  stories  14  fc^.'t  high.  Buildings  75  fet^t  wide,  .'Stories 
15  feet  high.  Buildings  100  fe<^t  wiile, stories  10  feet  high.  Build' 
ings  125  feet  wide,  stories  16  feet  high. 

Deductions  from  Diagrams* — (1)  An  examination  of  the 
diagrams  shows  imraetliat*4y  the  decrease  in  cont  an  the  width 
ia  increased.  Thia  is  due  to  the  fat't  that  tlH-  cost  of  the  walls 
and  outi^ide  foundations,  which  ia  an  important  item  of  cost, 
relative  t<3  the  total  cost,  i.^  decreased  ivs  the  width  increases. 
For  example,  supposing  a  three-story  building  is  desired  with 
I  30,000  square  feet  on  each  flix»r: 

If  the  building  were  tXK)  feet  by  50  feet,  its  cost  would  be  about 
I  99  cent^  per  square  foot. 

If  the  building  were  400  feet  by  75  feet^  its  cost  would  1  »e  about 
87  cents  per  square  foot. 

If  the  building  were  300  fe«?t.  l>y  100  feet,  its  co.st  would  l)e  alsout 
I  83  cents  per  Btjuart?  foot. 

If  the  building  were  2-10  feet  by  125  feet|  its  cost  would  be 
[  iiliout  SO  cents  per  square  foot. 

(2)  The  diagnims  show  that  the  minimum  cost  per  sqtjure 
rloot  is  reached  with  a  four-story  building.  A  three-story  build- 
ling  exists  a  trifle  more  tlian  a  four-i*tCiry,  A  one-story  building 
|U  the  most  expensive.  This  is  due  to  a  combination  of  several 
[features: 

ia)  The  cost  of  ordinary  foundations  does  not  increase  in 
[proportion  to  the  number  of  stories,  and  therefore  tlieir  c<jat  is 
s  per  square  fo<jt  as  the  number  of  stories  is  increased,  at  least 
I  up  to  the  limit  of  t!ie  diagraTu. 

(fc)  The  roof  ia  the  same  for  a  one-stor>'  building  aa  (or  oii^  ol 
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any  other  number  of  stories,  and  therefore  its  cost  relative  to  the 
total  cost  grows  less  as  the  number  of  stories  increases. 

(c)  The  cost  of  columns,  including  the  supporting  piers  and 
castings,  does  not  vary  much  per  story  as  the  stories  are  added. 

(d)  As  the  number  of  stories  increases,  the  cost  of  the  walls, 
owing  to  increased  thickness,  increases  in  a  greater  ratio  than  the 
number  of  stories,  and  this  item  is  the  one  which  in  the  four-story 
building  offsets  the  saving  in  foundations  and  roof. 

(3)  The  saving  by  the  use  of  frame  construction  for  walls 
instead  of  brick  is  not  as  great  as  many  persons  think.  The  only 
saving  is  in  somewhat  lighter  foundations  and  in  the  outside 
surfaces  of  the  building.  The  floor,  columns,  and  roof  must  be 
the  same  strength  and^construction  in  any  case. 

Alternate  Method  of  Estimating  Cost. 

TABLE  III.  —  DATA  FOR  APPROXIMATING  COST  OF  MILL 

BUILDINGS  OF  KNOWN  SIZE  feUT  WITHOUT  DEFINITE 

PLANS  MADE. 


Height  of  building. 

Foundations 
including  excavation. 
Cost  per  lineal  foot. 

Brick  walls, 

including  doors  and 

windows.    Cost  per 

square  foot  of  surface. 

Outside 
walls. 

Inside 
walls. 

Outside 
walls 

Inside 
walls. 

One  story 

S2.00 
2.90 
3.80 
4.70 
5.60 
6.50 

SI. 75 
2.25 
2.80 
3.40 
3.90 
4.50 

$.40 
.44 
.47 
.50 
.53 
.57 

$.40 

Two  stories 

.40 

Three  stories 

.40 

Four  stories 

.43 

Five  stories 

.45 

Six  stories 

.47 

Floors.  —  Thirty-eight  cents  per  square  foot  of  gross  floor 
space.  This  price  will  include  column  piers,  columns,  castings, 
and  wrought-iron. 

Roof.  —  Thirty  cents  per  square  foot,  including  projection, 
say  18  inches,  including  columns,  etc. 

Stairways  and  Elevator  Towers.  —  Allow  two  stairways  and  one 

elevator  tower  in  buildings  over  two  stories  high  up  to  150  feet 

/o/3|^.     Allow  two  stairways  and  two  elevator  towers  up  to  300 
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feet  long.  Allow  three  atairwaya  and  three  elevator  towers  over 
300  feet  long. 

Brick  Walls,  —^  Enclosing  stairs  and  elevators,  estimated  as 
inside  walls. 

Stairs,  — 1100  per  flight,  per  story. 

Plujnbing.  —  Allow  two  fiirturea  on  each  flooi*  up  to  5000 
square  feet  of  floor  fspace^  and  ^d  one  fixture  for  each  additional 
5000  square  feet  or  fraction  thereof.    Allow  175  per  fixture. 

Incidentals.  —  Add  about  10  xier  cent*  for  incidentals. 

From  the  above  data  the  approxiiiiate  cost  of  any  si^e  and 
shape  of  building  may  be  estimated  in  a  few  minutes/' 


i? 


c        . 

PART  II 

FIRE-TESTS  AND  MATERIALS 


Manufae lurers*  Tests-  —  During  ifie  early-dcvelopmenf 
Btage  of  fire-re^siHting  construction,  our  praclit^al  knowledge  of 
the  value  of  8o-calIed  fire-resisting  maleriaLs  was  confined  to 
euch  fire  and  water  t<?Bta  as  were  afforded  by  the  burning  of 
actual  buildings  in  which  such  materials  had  been  employed,  or 
to  special  tests  which  generally  originated  with  the  manufacturer 
of  some  material  or  construction,  and  which  were  made  for  the 
purpoee  of  exploiting  the  product  offered.  These  latter  t-ewts 
were  principally  devoted  t«  demonstrating  the  strength  of  the 
material  or  construction,  but  as  new  materials  and  new  forms 
were  introduced,  endunincc  tests,  as  well  \m  load  tests,  were 
resorted  to  as  the  most  satisfactory  means  of  advertisement. 
Unfortunately,  many  if  not  most  such  endurance  tests  were  not 
reliable.  Some  notable  exceptioni^  are  conflpjcuoufl,  and  much 
praise  is  due  many  progressive  manufacturers,  but  the  general 
doubt  regarding  private  tests  for  the  purpose  of  advertisement 
gradually  resulted,  both  in  the  United  State's  and  cIsewherCj  in 
[the  establishment  of  governmental,  municipal,  or  other  ex- 
perimental testing  stations  of  recognized  thoroughness  and 
impartiality,  w^here  materials  and  eonstructions  could  be  sj^t«- 
iinaticaily  test^?d  under  tiuiform  conditions. 

Principal  Testing  !!^tatlons«  —  Permanent  plants  or  etattona 
I  (of  recogiii/^cd  importance),  for  the  testing  of  materials  or  eon- 
Btructions  by  fire  and  water  tests,  are  maintained,  in  this  country, 
by  the  United  States  Government  at  Forest  Park,  St.  Louis, 
lo. 

under  the  direction  of  the  National  Board  of  Fire  Under- 
'wtitera,  at  Chicago,  IlL 

by  the  inspection  department  of  the  Associated  Factory  Mu- 
tual Fire  Insurance  CompatiieR,  at  Boston^  Mass, 

by  Mr,  J.  S.  Macgregor  (The  *' Columbia  Fire  Testing 
Station")  at  Columbia  University,  New  York,  —  formerly  con- 
ducted by  Prol-  Ira  H.  Woulson. 
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In  Great  Britain,  the  British  Fire  Prevention  Committee, 
through  its  testing  station  in  London,  has,  at  least  heretofore, 
been  preeminent  in  the  matter  of  fire  and  water  tests,  while  in 
Europe,  tests  under  municipal  or  scientific  auspices  in  Munich, 
Berlin  and  Hamburg  have  been  of  interest. 

Ofiicial  tests  concerning  the  strength  of  materials  are  made  at 
the  United  States  Government  Arsenal,  at  Water  town,  Mass., 
and  at  the  University  of  Illinois. 

British  Fire  Prevention  Committee.  —  This  organization 
had  its  inception  immediately  after  the  disastrous  Cripplegate 
fire  in  London  in  1897.  It  was  incorporated  February,  1899. 
Systematic  tests  of  materials  and  constructions  were  commenced 
in  1899,  since  which  more  than  one  hundred  and  fifty  **Red 
Books"  or  reports  have  been  issued,  covering  a  wide  range  of 
actual  tests,  besides  valuable  papers  on  many  phases  of  fire 
prevention  and  fire  protection.  The  membership  represents 
government  departments  and  employees,  scientific  societies, 
architects,  engineers,  oflScers  of  fire  brigades,  etc.  The  objects 
of  the  committee  are  printed  on  the  first  page  of  all  its  "Red 
Books,"  as  follows: 

To  direct  attention  to  the  urgent  need  for  increased  pro- 
tection of  life  and  property  from  fire  by  the  adoption  of  preventive 
measures. 

To  use  its  influence  in  every  direction  towards  minimizing 
the  possibilities  and  dangers  of  fire. 

To  bring  together  those  scientifically  interested  in  the  sub- 
ject of  fire  prevention. 

To  arrange  periodical  meetings  for  the  discussion  of  practical 
questions  bearing  on  the  same. 

To  establish  a  reading  room,  library,  and  collections  for  pur- 
poses of  research,  and  for  supplying  recent  and  authentic  infor- 
mation on  the  subject  of  fire  prevention. 

To  publish  from  time  to  time,  papers  specially  prepared  for 
the  committee,  together  with  records,  extracts,  and  translations. 

To  undertake  such  independent  investigations  and  tests 
of  materials,  methods,  and  apphances  as  may  be  considered 
advisable. 

The  committee's  Reports  on  Tests  with  Materials,  Methods 
of  Construction,  or  Appliances  are  intended  solely  to  state  bare 
facts  and  occurrences,  with  tables,  diagrams,  or  illustrations, 
and  they  are  on  no  account  to  be  read  as  expressions  of  opinion, 
criticisms,  or  comparisons. 

Many  of  the  tests  described  in  these  "  Red  Books  "  are  quite 
as  applicable  to  American  as  to  English  practice,  and  numerous 
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referenoes  will  be  made  throughout  this  volume  to  them,  in  dis- 
cuanng  materials  or  constructions. 

A  complete  list  of  the  ''Red  Books''  still  in  print,  and  the 
prices  of  same,  may  be  had  by  addressing  The  British  Fire  Pre- 
vention Cknomittee,  8  Waterloo  Place,  Pall  Mall,  London, 
Eo^aad. 

Standafds  of  Jnre-Beslstanee.  —  The  International  Fire 
Prevention  Congress,  held  under  the  auspices  of  The  British  Fire 
Prevention  Committee  in  London,  July  6  to  9,  1903,  in  which 
twdve  foreign  and  three  colonial  governments  participated,  for- 
mally adopted  the  standard  requirements  for  fire-resisting  ma- 
terials and  constructions  suggested  by  The  British  Fire  Preven- 
tiim  Ccmmuttee.  These  standards  were  designed  to  discriminate 
between  materials  and  constructions  affording  temporary ,  partial, 
car  fitU  pfotection  against  fire,  in  order  that  aU  materials  or 
constructions  could  be  classified  under  these  headings.  The 
requirements  or  limits  for  this  classification  were  based  on  experi- 
ence obtained  from  niunerous  tests  and  investigations,  com- 
Inned  with  experience  gained  in  actual  fires.  Compare  with 
paragraph  "Temperatures  exhibited  in  Fires  and  Conflagra- 
tions," page  192.  Due  consideration  was  given  the  questions 
of  limitations  of  building  practice  and  cost.  These  standard 
requirements  are  as  follows: 


STANDARD  TESTS  FOR  FIRE-RESISTING  FLOORS  AND 
CEILINGS. 


Claasifioation.     j 

i 

1 

■II 

ii 

111 

III 

Sis  » 

III 

Minimum  time 
for  application 
of  water  under 
pressure. 

Temporary  protection  . .  { 

A 
B 

Mins. 
45 
60 

Deg.F. 
1500 
1500 

Optional 
Optional 

200 

Mins. 
2 
2 

Partial  protection { 

A 
B 

90 
120 

1800 
1800 

112  lbs. 
168  lbs. 

100 
200 

2 
2 

Full  protection { 

A 
B 

150 
240 

1800 
1800 

224  lbs. 
280  lbs. 

100 
200 

2 
5 
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STANDARD  TESTS  FOR  FIRE-RESISTING  PARTITIONS. 


1 

i 

•3     . 

y 

III 

III 

aaasification. 

J 

H 

U 

If 

Minimum 
for  applic 
of  water 
pressure. 

Mins. 

Deg.F. 

Sq.  ft. 

Mins. 

Temporary  protection  .  { 

A 
B 

45 
60 

1600 
1500 

2  in.  and  under 
Optional 

80 
80 

2 
2 

Partial  protection { 

A 
B 

90 
120 

1800 
1800 

2§  in.  and  under 
Optional 

80 
80 

2 
2 

Full  protection j 

A 
B 

150 
240 

1800 
1800 

2}  in.  and  under 
Optional 

80 
80 

2 
5 

STANDARD  TESTS  FOR  FIRE  RESISTING  SINGLE  DOORS,  WITH 
OR  WITHOUT  FRAMES. 


Classification. 


•*» 

^ 

1 

"o 

^ 

li 

Mins. 

Deg.F. 

A 

45 

1500 

B 

60 

1500 

A 

90 

1800 

B 

120 

1800 

A 

150 

1800 

B 

240 

1800 

1 

"S 

i 

III 

l§ 

|«s1 

Sq.ft. 

2  in.  and  under 

20 

Optional 

20 

2J  in.  and  under 

20 

Optional 

20 

2i  in.  and  under 

25 

Optional 

25 

ill.- 
■mi 


Temporary  protection  .  { 

Partial  protection | 

Full  protection { 


Mins. 
2 
2 

2 
2 

2 
5 


These  standards  may  be  briefly  summarized  as  follows: 

a.  Temporary  Protection  implies  resistance  against  fire  for 
at  least  three-quarters  of  an  hour. 

6.  Partial  Protection  implies  resistance  against  a  fierce  fire  for 
at  least  one  hour  and  a  half. 

c.  Full  Protection  implies  resistance  against  a  fierce  fire  for 
at  least  two  hours  and  a  half.* 

*  For  complete  descriptions  of  testing  station  and  testing  methods  of  The 
British  Fire  Prevention  Committee,  see  page  129,  etc.,  of  report  of  the  Inter- 
natj'onaJ  Fire  Prevention  Congress,  London,  1903. 


I 

I 


I 

I 
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Interest  of  GoTernment  In  Tests  of  Materials.  —  The 

United  Stat&s  Treasury  Depiirtnient,  thrmigh  tlie  office  of  the 
supervising  architect,  hiis  under  its  con  (nil  pijhlic  Ijuildings  of  a 
value  exceeding  S20(>,00D,<KM>,  while  aunuii!  expontliturea  for 
similar  structures  excee<l  $20,(XMJ,()(}0.  It  has  lieen  estimated 
that^  if  thef^e  buildings  were  to  be  insuni'd,  the  annual  cost  to  the 
government  would  be  more  than  $tjOO,D00t  hut  as  United  States 
government  buildings  are  jiid  insured,  their  stability  and  efficiency 
under  trial  by  earthquake  or  fire  become  of  \'ital  importafice. 
The  liighest  possible  standard  of  efficiency  commensurate  with 
economic  design  must  also  be  considered^  especially  as  public 
buildings  are  nearly  alwnys  of  a  permanent  clmracter. 

With  a  view,  therefore,  to  reducing  the  cast  but  improving  the 
quality  and  efFn^ieacy  of  materials  used  in  buildini^  and  other  eon- 
etruetion  work,  an  appropriation  w^as  made  by  Congress  in 
1906-D7  for  the  e^^tablishment  of  a  structural-materials  labora- 
tory. 

United  States  Laboratories  at  St.  Louis,  Mo.  —  The 
Struct ural'M a teriaLs  Testing  Lfilx)ratoriea  at  St.  Louis  were 
ee^tabllshed  by  the  Federal  (Jovernment  U)  conduct  systematic 
iuvestigatiouB  covering: 

1.  The  obtaininjj;  of  information  concerning  the  nature  and 
extent  of  the  deposits  of  sand,  gravel,  and  ntone  which  appear 
to  be  available  for  the  purpose  of  makmg  concrete  at  or  near  the 
centers  w^hcre  Government  building  antl  construction  work  are 
to  be  undertaken. 

2.  The  collection  of  samples,  ranging  from  a  few  tons  to  a 
earloa<i  in  (quantity  of  these  sands,  gravels,  or  stone  which  would 
be  representative  of  the  larger  tlepoBitn  avaUable  for  actual  use, 
and  the  sldpmcnt  of  thej?e  samples  to  the  central  laboratory  at 
St.  Louis, 

3.  The  testing  of  these  materials,  not  only  by  chemical  and 
physical  examination  of  the  materials  themselves,  but  also  by 
mixing  them  with  a  tj^iical  cement  and  using  these  mixtures 
in  the  making  of  blocks^  beams,  etc.,  of  concrete  and  reinforced 
concrete  under  a  variety  of  conditions. 


1 


I 

I 
I 

I 


t     concrete  under  a  variety  of  conditions,  ^ 

4*  The  testing  of  the  steel  used  in  making  the  reinforced    ^M 
concrete  masses.  ^* 

5.   The  seasoning  of  these  masses  for  different  periods  of 
time  under  a  variety  of  conditions. 

6r   The  testing  of  these  masses  from  time  to  time  in  such 
manner  as  to  determine  their  different  properties  and  their  siiit- 
^    ability  for  different  classes  of  bnikling  atul  construction  work.*  fl 

^  •  See   Unittfd   ."States  GcologiL-al   Survey   Bulletin,    No.    329,    '* Structural*     ^^ 

Bf  aieiittls  Testing  Laboreitones  at  St.  T^uia,  Mo. 
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The  thoroughness  with  which  this  undertaking  has  been  car- 
ried out  is  indicated  by  the  fact  that,  during  the  two  years  ending 
June  30,  1907,  no  less  than  35,500  tests  and  determinations  were 
made,  including  more  than  1000  concrete  beams  each  8  inches 
by  11  inches  by  13  feet,  representing  different  types  of  mixtures, 
reinforcement,  etc. 

Fire-resisting  Tests*  —  Another  series  of  investigations, 
which  is  still  under  way,  was  undertaken  at  the  request  of  the 
supervising  architect's  ofl&ce,  namely,  inquiry  into  the  rates  of 
conductivity  and  fire-resisting  properties  of  various  structural 
materials  used  in  the  construction  of  public  buildings.  Such 
tests  have  been  conducted  by  the  St.  Louis  laboratories,  before 
mentioned,  in  cooperation  with  the  Underwriters'  Laboratory 
at  Chicago,  and  also  independently  at  the  Government  Testing 
Laboratory  at  Pittsburgh. 

Bulletin  No.  370  of  the  United  States  Geological  Survey,  ''The 
Fire-resistive  Properties  of  Various  Building  Materials,"*  con- 
tains a  detailed,  illustrated  accoimt  of  fire  tests  made  on  thirty 
panels  of  various  building  materials,  viz.,  mortar  building  blocks; 
conomon,  sand-lime,  and  hydraulic-pressed  brick;  gravel-,  cinder-, 
limestone-  and  granite-concrete;  glazed  and  partition  terra-cotta 
blocks;  and  Umestone,  sandstone,  granite,  and  marble  building 
stone.  Although  the  results  are  only  partial,  and  therefore  in- 
conclusive, nevertheless,  they  are  of  great  value,  and  as  they  will 
be  referred  to  in  more  detail  in  Chapter  VII,  the  following  general 
description  of  the  test  conditions  is  quoted  from  Bulletin  No.  370. 

The  tnaterials  were  subjected  to  the  direct  application  of 
heat  for  two  hours  and  were  then,  except  in  five  panels,  imme- 
diately quenched  with  water.  Wherever  possible,  tests  were 
made  to  determine  the  compressive  strength  of  the  materials 
after  this  treatment.  Temperatures  were  observed  at  intervals, 
and  the  behavior  of  the  materials  during  the  test  and  the  con- 
dition of  their  surfaces  before  and  after  the  heating  and  quench- 
ing were  noted.  Photographs  of  the  panels  were  taken  to  show 
the  effects  of  the  tests.  .  .  . 

The  conditions  under  which  these  tests  were  made  were 
unusually  severe,  and  none  of  the  material  passed  perfectly. 
The  temperatures  used  would  hardly  be  reached  in  an  ordinary 
fire.  It  was  recognized  from  the  beginning  that  these  tests 
would  not  be  comparable  with  those  made  by  other  investigators. 
The  relatively  few  tests  that  have  been  made  of  the  fire-resistive 

May  be  had  by  writing  Department  of  Interior,  United  States  Geological 
viy,  Washington,  D.  C. 
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Sties  of  buililinK  materiule  neariy  nil  consisletl  of  subjecting 
slabs  and  coluiiins  lu  the  hetit  of  a  wood  lire.  TJuTe  J8 
reaaoD  to  bcdi(*v(^  that  tho  tests  honnii  do8cj"iljcf|,  fiiatkt  in  a  gas 
fumat^t!,  arc  nioi-e  fioveir  tlian  tin-  tcsln  madt'  with  a  wcmmI  fire, 
Kvan  though  the  latter  .show  higher  tenijiemtureH  and  Jawt  longer. 
J  In  the  ga-H  furnaee  the  flames  are  forced  by  a  bki^t  of  air  against 
[the  panel  from  the  beginning  to  the  end  of  the  teyt;  with  a  wood 
■  lire  the  heat  fluctuates  and  falls  decidedly  when  the  furnace  door 
tk^  opened  and  freirli  fuel  is  added. 

The  average  temperature  attained  by  the  faces  of  the  panels 
Iten  minutt^  after  tlie  gas  was  liglited  was  af)out  324*  C.  (or 
1 615*2°  F.),  and  nearly  half  of  the  panels  had  been  subjected  to 
I  freezing  weather  just  prior  to  the  tests.  The  average  tenjpera- 
Iture  of  the  far!e  of  one;  panel  of  building  blockn  rose  from  0°  to 
4,50**  C.  {'^2"  to  8^42*'  F.)  in  the  first  ten  minutes  of  firing,  while 
Ithat  of  another  pimel  of  the  same  material  rangeti  from  22"^  to 
|600^  C.  (71.fr  to  1112''  R)  during  the  same  interval. 

Underwrite r.s'    Laboratories,    Ineorporated.  —  Under- 
IwTiter's  Laboratories^  Incorpomted,  is  an  institution  operating 
I  under  tlie  dimetion  of  the  National  Board  of  Fire  Underwriters. 
I  Its  principal  oflices  and  testing  station  are  located  in  t 'hicago. 
I  It  has  branch  offices  for  the  conduct  of  its  business  in  thirty-two 
[other  citie^s  in  the  United  States  and  Canada-     The  C'hicago 
I  plant  occupies  a  tfiree-story  and  basement  building  of  fireproof 
construction  containing  something  over  20,QfX)  square  feet  of 
floor  space  with  a  frontage  of  116  feet.    Yard  space  is  provided 
I  for  hutji   and   large  testing  furnaces.     The   main   building   in 
[Chicago  is^  pca'haps,  the  best  example  in  America  of  absolutely 
[fireproof  construction  fumishetl  with  fireproof  finish  and  equip- 
Ijncnt,     It  hws  been  designed  its  a  motlel  to  show  a  practical 
I  solution  of  many  of  the  problems  raised  by  the  enonrious  and 
disproportionate  loss  by  fire  in  the  United  States.     No  wood  c)r 
Other  combustiljle  material  is  use<l  in  any  portion  of  the  finish  or 
fequipnnent.     In  addition,  the  plant  m  equipped  with  automatic 
eprinklei-s,   and   the   lighting    and   heating    hazard-s    are   safe- 
guarded with  every  known  precaution  applicable  to  their  instal- 
ation  in  buildings  of  frame  construction.     From  this  description 
^ou  will  realize  that  in  this  case  the  Underwriters  have  gf»ne  to 
the  extreme  in  adopting  in  their  own  property  ail  of  the  measures 
Lliey  are  known  to  recommend  in  the  property  of  others.     Forty- 
five*  persons  are  employed  in  the  Chicjigo  plant^  which  has  a 
value  of  approximately  $lCMJ,tXK}.f>l).     The  business  of  this  in- 
titution  is  the  examination  an(i  testing  of  appliances,  devices^ 
vstems,  and  materials  having  a  bearing  on  the  fire  haiiard. 
fheae  include  apphanees  designed  to  aid  in  extinguishing  fires 
uch  as  automatic  sprinklers,  pumps,  hand  fire  appliances,  hose, 
kydrants^  nozzles,  valves,  etc.,  materials  and  devices  designed 
retard   the  spread  of  fire  such  as  structural  methods  and 
ftiaterialH,    fire   doors,  and    shvitters,   fire   windows,    etc.;     and 
nachines  and  fittings  which  may  be  instrumental  in  causing  a 
such  as  gas  and  oil  appliances,  electrical  fittings,  chemicAb 
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and  the  various  machines  and  appurtenances  used  in  lighting 
and  heating. 

Up  to  the  present  time,  the  laboratories  have  examined  and 
issued  reports  on  over  five  thousand  different  subjects  or  appli- 
ances, each  report  representing  from  one  to  a  dozen  series  of 
investigations  and  experiments. 

Summaries  of  the  laboratories'  reports  are  promulgated  on 
printed  cards  filed  according  to  classifications,  and  cabinets 
containing  these  cards  are  maintained  at  the  offices  of  the  prin- 
cipal Boards  of  Underwriters  and  Insjjection  Bureaus  in  the 
United  States,  at  many  of  the  general  offices  of  insurance  com- 
panies, by  some  insurance  firms,  certain  municipal  departments, 
and  at  the  local  offices  of  the  laboratories  in  large  cities.* 

Laboratories'  Factory  Labeling  System.  —  One  of  the 

most  important  functions  of  the  Underwriters'  Laboratories  is 
the  system  of  factory  inspection  and  labeling,  whereby  devices 
and  materials  employed  for  fire  prevention  or  fire  protection  may 
be  given  adequate  insjjection  by  Laboratories'  engineers  at  the 
factory  where  made,  and  then  labeled  by  means  of  stamps, 
transfers,  or  metal  labels,  if  up  to  the  standard  requirements. 
For  this  purpose,  branch  ofl&ces  are  maintained  in  many  of  the 
principal  cities  of  the  United  States  and  Canada,  and  the  system 
has  met  with  such  favor  that  it  has  gradually  been  extended  to 
cover  many  standards,  such  as  electrical  conduits  and  fittings, 
extinguishers,  window  frames  for  wire  glass,  fire  doors  of  various 
kinds  and  uses,  hardware  for  windows  and  doors,  watch  clocks,  > 
hose,  shutters,  fire-fetarding  paint,  fusible  links,  etc. 

The  cost  of  this  service  is  partially  defrayed  by  charges  made  ^ 
for  the  labels,  varying  according  to  the  nature  and  extent  of  the  '^ 
inspection  needed.     For  goods  which  can  be  tested  by  machinery  * 
or  which  are  machine  made  and  run  through  factories  in  such  s 
quantities  that  tests  of  a  number  of  samples  of  each  day's  out-  • 
put  give  a  fair  criterion  of  the  whole  product,  the  charges  run   i- 
from  fifty  cents  to  one  dollar  and  a  half  per  thousand  labels.  ; 
For  goods  made  by  hand  and  goods  which  require  inspection  or  c^ 
test  of  each  individual  item,  the  charges  run  from  seven  and  one-  i\ 
half  cents  to  twenty-five  cents  per  label.     In  no  case  is  the  cost  *— 
of  the  inspection  service  as  represented  by  the  charge  for  the  i 
label  sufficient  to  become  a  factor  of  importance  in  determining  ^ 
the  selling  price  of  the  article  labeled.  if 

*  Extracts  from  address  delivered  at. Annual  Convention  of  the  Inter- jj-^ 
national  Association  of  Fire  Engineers,  Syracuse,  N.  Y.,  August,    1910,  by  J 
Mr.  William  H.  Merrill,  Manager  of  Underwriters'  Laboratories,  and  President ,__ 
National  Fire  Protection  Association.  ' — 
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The  extent  of  iJiis  service  Ia  mdhniAHl  by  the  fuct  tliiit,  for 

[the  year  ending  Mareh  :il,  U)lt),  ni>  fras  tluiii  10,815,920  labels 

(Tprc  supplied  to  inspectors  —  a  rentarkable  ahowing  when  it  m 

leniembered  that  the  service  lias  only  lieen  in  operation  since 

10G5*     The  value  of  thit*  service  is  three-fold: 

I.  It  forms  a  guarantree  to  the  insurance  companies  that 
j^lbwanees  made  by  them  for  preventive  or  protective  devices 
(Or  materials  are  bjisecl  on  tJie  itm*  cjf  apprf>vtHl  standards. 

It  assun^is  the  purchii^er  that  siicli  lievieea  or  materials 
ao  be  fully  relierl  <»n  in  so  far,  at  least,  as  the  manufarture  is 
oncerni?<l.     If  properly  used  and  maintained  by  the  purchtiKer, 

atcnl  reductions  in  insurance  rate^  may  be  secured  for  preven- 
tive or  proteetive  devieos. 

3.  It  protects  the  manufacturer  by  reducing  unfair  compe- 
toon,    in   that   the  label  service  requires  a  definite  standard 

om  alL 

Associated  Factory  Mutual  Lahciratorlcs.  —  The  experi- 
mental testirif^  laboratory  rom  hie terl  tty  tlie  inspection  department 
the  .'^soeiate<^l  Factory  Mutual   I'ire  Insurance  Companies, 
^t  Boston,  Mass.,  was  the  first  laboratory  ui  note  in  ttjc  United 

atea  to  be  devoted  to  the  study  of  fire  protetH  ion  devie^^s  and 
protection  engineerinK.     It  was  started  in   ISDO,   and  has 

en  steadily  maintaintHl  by  the  inBiiranee  companies  interested. 

he  investigations  comprise,  principally,  tests  of  fire  pro  lection 
ppliances  and  investigations  of  hazards  connected  with  manu- 

cturiiig  risks. 

New  York  Building  Bepartment  Tests.  —  The  lack  of 
ctt  impartial  knowledge  respecsting  many  of  the  various  sys- 
of  fireprooting  in  use,  led  Mr.  .Stevenson  Constable,  then 
iiperint>endent  of  Buildings  in  New  York  City,  to  undertake  a 

ries  of  exhaustive  testsS  t-o  determine  the  ciomparative  merits  of 
be  more  imi>ortant  methods  of  floor  construction,  and  in  18t)5 

^  a£«keri  a  number  of  companies  to  submit  test  stmiplcs  of  their 

tjieetive  constructionSj  sin^h  tests  to  lie  uniform  in  mquireinents, 
lid  official.  A  dirwt  coinfiarison  could  thus  he.  made,  at  once 
boroujLch  and  impartial. 

Vacant  lot-s  for  the  test  struriures  were  secured  in  x\e\v  York 
Jity,  and  the  tesLs  wen*  coiiducUMi  by  the  oflicials  of  the  New 
lurk  Buililing  and  Fire  Departments.  The  kilns  or  test  houses 
rcre  I  milt  according  to  plans  prepared  by  the  Building  Depart- 
lif!nt,  and  the  various  floor  curupanies  then  built  their  ftoora  ov^v 
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these  cliambers  (each  fiijtir  beinj?  about  14  feet  square)  under  th 
supervision  of  the  Buildiog  Department  officials.     Care  was  take 
to  secure  only  average  workmanship  and  materials  in  the 
struction  of  the  floors. 

Test  Kilns.  — These  were  made  about  11  feet  by  14  feet 
size,  inside  measurement,  with  briek  walk  12  inches  thick, 
inforeetl  by  buttreascs  and  iron  stays  (see  Fig.  30),     The  kiL 
wore  10  feet  high  from  the  upper  or  main  grate-bars  to  the  flo 


^^ 


^ 


Fia.  30,  —  Teat-kilns  uaod  in  New  York  Dullding  Deparlment  Tpstsi. 


system  to  be  tested,  whitdi  furmetl  the  roof  of  the  kiln.  Second 
arj^  or  lower  grate-ban*  were  phiced  from  14  to  IS  inches  beloi! 
the  main  grate,  air  being  a<lmitted  by  openingt^  in  the  wall 
beloiv  the  lower  grate.  At  each  corner  of  tlie  kiln^,  chimneys 
15  inches  square  were  constructed.  The  floor  samples  to  be 
tested  were  constructed  between  steel  beams  resting  on  the  brick 
walls.  All  i'l'iling  surfaces  or  unrier  sides  of  floor  systems  were 
plastered.  Wooden  sleepera,  with  concrete  or  cinder  fillmg  be- 
tween, were  laid  over  the  floor  arches  in  ever}-  aiav,  but  no  fin- 
ished wood  flooring  was  used.  Care  was  taken,  as  l>efore  stated, 
to  secure  only  average  samples,  such  as  would  be  used  in  ordinary 
building  corjstnirtion,  and  in  some  instances  finished  samplea 
ha<l  to  be  replac^ed  by  the  nianufacturer  on  account  of  more  than 
ordinary  refinement  in  the  work. 

Method  of  Testing.  —  The  central  panel  of  the  floor  Byatem  wa 
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oadfd  uniformly  to  150  pouruls  pi^r  sqnarf*  ftK>t.     A  wtiod  fire 
fwas  then  startcni  on  the  gratt's  and  kept  burning  for  fivtt  hours, 
the  temperature  fhiring  the  last  four  hours  being  kept  as  nearly 
I  as  possible  to  2000'*  F. ;  water  was  then  apphed  through  a  1  ^-inch 
loozzlf?  under  60  poundn  preBBure,  by  t  he  offirials  of  the  fire  de- 
jpart.ment.     This  lasted  for  fifteen  minutes,  the  first  five  minutes 
rljeing  on  the  oeiliuK  only,  and  the  remaining  ten  minutes  on  both 
I  ceilings  and  walls.     The  top  of  the  floor  was  next  flooded  with 
f  water  under  hnv  pre^^sure  for  a  .space  of  five  minutes.     At  the 
conclusion  of  the  fire  and  water  test,  the  original  lr>ad  was  re- 
moved, anri  a  simiLirly  placed  loiid  of  600  pouniis  per  squarp  f^ot 
Iwfia  substitutefl   and  maintained   for  forty-eight   hours.     This 
"^  final  load  was  so  placed  a^  to  rt^^i  entirely  on  the  floor  arch,  and 
not  over  the  supporting  bearns. 

The  temperatures  were  taken  by  means  of  pneumalie  pyrom- 
eters, placed  in  the  kiln  just   below  the  floor  system,  also  by 
placing  various  metals  with  known  melting  points  at  the  same 
positions.     Transit  observations  were  taken  to  fhrtermine  the 
leombined  deflections  of  both  the  floor  bemns  and  the  arches 
ibetween  them. 

Present  Test  Requirements  of  New  York  Btilldlng  Pc- 

Ipartment.  —  FUyom.  —  The   above   described   series   of   tests, 

|sj>rae  of  wdueh  are  described  in  detail  in  Chapters  XV'II  and 

CVIII,  formed  the  basis  of  the  requirements  now  demanded  of 

Rre-resisting  floors  by  the  Building  Code  of  the  City  of  New  York« 

Bueh  present  requirements  are  substantially  as  stated  above, 

f except  that  the  fire  test  shall  comprise  ''the  continuous  heat  of  a 

wood  fire  below,  averaging  not  less  than  1700°  F.  for  not  les8  than 

^four  hours,"  and  the  water  test  shall  consist  of  a  stream  of  water 

nder  tM)  pounds  pressure  directed  against  the  under  side  of  the 

Boor  eonstruction  for  five  minutes,  then  flooding  the  top  of  floor 

tider  low  pressure,  and  finally  applying  the  pressure  stream  aa 

'at  first  for  ^x^  niinutiis  morc. 

New  Maieriah.  —  The  New  York  Building  Code  also  stateSi 

in  section  20,  that  new  structural  material,  of  whatever  nature^ 

^ehall  be  subjected  lo  sueh  testa  to  determine  its  character  and 

Ijiialiiy  as  the  Superintendent  of  Buildings  shall  direet.     Under 

his  clause,  many  new  materials  antl  constructions  have  been 

sted,  including  brick,  sand-lime  brick*  ccmcrele  and  cement 

^loekSf  firc^resisting  materials  used  for  trim  and  floor  surfaces, 

i,  especially,  partition  materials. 
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Partitions.  —  The  requirements  for  acceptance  of  partition 
materials  are,  briefly,  that  they  be  tested  in  kilns  or  test  houses 
similar  to  those  previously  described,  and  that  **the  proposed 
partition  or  shaft  construction  must  be  subjected  to  a  continuous 
heat  from  a  wood  fire  for  at  least  one  hour.  An  average  tem- 
perature of  at  least  1700°  F.  must  be  maintained  during  the 
second  half-hovu*  of  the  test.  At  the  end  of  the  hour's  fire  test 
the  construction  is  to  be  subjected  to  a  stream  of  water  on  the 
inside  or  fire  side,  of  the  partition,  through  a  regulation  fire  hose, 
with  a  li-inch  nozzle,  for  a  period  of  two  and  one-half  minutes 
on  each  side.  The  nozzle  pressure  is  to  be  30  pounds  per  square 
inch.  At  no  time  during  the  test  must  fire  or  water  pass  through 
the  partition  under  test.  The  approval  of  the  construction  under 
test  may  be  withheld  if  the  construction  should  warp  or  bulge 
to  any  great  extent."  A  number  of  partition  tests  are  given  in 
detail  in  Chapter  XIII. 

The  '^Columbia"  Fire  Testing  Station.  ~~  The  earlier  tests 
made  by  the  New  York  Building  Department,  as  previously 
described,  had  been  made  at  various  places  and  under  great 
expense,  principally  because  of  the  necessity  of  building  a  new 
test  structure  every  time  a  test  was  made,  and  of  procuring  an 
entirely  new  outfit  for  every  feature  of  the  test.  In  response, 
therefore,  to  the  demand  for  a  suitable  permanent  testing"  station, 
where  tests  could  be  conducted  under  auspices  that  would  insure 
scientific  accuracy  and  absolute  impartiality,  the  "Columbia  Fire 
Testing  Station"  was  started  in  the  year  1903.  Although  the 
name  would  imply  that  the  station  was  conducted  by  Columbia 
University,  such  was  not  the  case.  It  was  organized  and  started 
by  Ira  H.  Woolson,  then  Adjunct  Professor  of  Civil  Engineering 
in  Columbia  University,  as  a  private  enterprise,  but  with  the 
sanction  of  the  University  Trustees,  and  with  the  approval  of 
the  New  York  Bureau  of  Buildings.  It  was  felt  that  if  such  a 
station  were  maintained  by  Professor  Woolson,  it  would  be  free 
from  any  criticism  as  to  favoritism,  and  that,  at  the  same  time, 
tests  could  be  conducted  from  time  to  time  under  exactly  dup- 
licating conditions.  Hence  the  majority  of  the  tests  made  at 
this  station  have  been  conducted  in  cooperation  with  the  New 
York  Bureau  of  Buildings. 

Since  the  retirement  of  Professor  Woolson  from  Columbia 

University,  to  become  associated  with  the  National  Board  of 

J^/re  Underwriters,  the  testing  station,  as  well  as  the  former  work 
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of  Professor  Woolson,  is  now  in  charge  of  the  latter's  former 
asfidstant,  Mr.  J.  S.  Macgregor. 

FacUiiies.  —  The  faoilitiee  of  the  testmg  station  comprise  a 
building  for  testing  floors  up  to  a  span  of  20  feet,  and  another 
building  for  testing  partitions  of  a  sise  10  by  14  feet,  with  all 
necessary  apparatus.  The  latter  building  is  also  used  for  testing 
doors,  windowiB,  shutters,  etc. 

Tests.  —  FuUnsised  unit  tests  conducted  by  Professor  Woolson 
have  numbered  68,  47  of  which  were  made  at  the  Columbia 
station.  Twenty-one  have  been  made  elsewhere,  either  because 
the  station  was  in  use  wit^  other  tests  or  because  tests  were 
required  in  other  cities.  Of  the  total  number,  floors  comprised 
42,  i>artitions  23,  walls  1,  doors  and  shutters  2.  A  few  of  these 
have  been  published  in  pamphlet  form. 

Fire  Tests  In  German  Emigre.*— In  1885  the  first  practical 
fire  tests  to  be  made  in  Germany  were  conducted  under  the  direc- 
tion of  Professor  Bauschinger  of  the  Technical  High  School  in 
Munich.  These  were  laboratory  fire  and  water  tests  on  unpro- 
tected wrought-  and  cast-iron  colu:fiuis,  and  on  masonry  columns 
or  piers.  The  points  brought  out  were  the  superiority  of  cast- 
over  wrought-iron  columns,  and  of  brick  and  concrete  over  stone. 

In  Berlin,  1893,  under  the  direction  of  the  Berlin  Fire  Brigade, 
an  important  series  of  fire  tests  was  made  in  a  building  about  to 
be  torn  down,  in  which  various  rooms  were  fitted  up  to  resemble, 
as  closely  as  possible,  actual  conditions  in  stores,  shops,  living 
rooms,  etc.  The  objects  of  the  experiments  were  to  test  arrange- 
ments and  apparatus  for  the  prevention  of  fire,  materials  and 
systems  of  construction,  and  appHances  for  the  extinguishment 
of  fire.  The  main  points  striven  after  were  floors,  ceilings,  doors, 
and  staircases  of  the  greatest  possible  fire  resistance,  and  the 
restriction  of  the  great  danger  of  smoke  to  as  small  an  area  as 
possible.  Prizes  and  diplomas  were  awarded  many  builders  and 
manufactiu'crs. 

Tests  in  Hanjburg  (following  a  disastrous  fire  in  a  dock  ware- 
house) were  made  in  1895  on  various  details  of  warehouse  con- 
struction, especially  columns  and  protective  coverings  for  same. 
The  tests  resulted  in  the  decision  to  continue  the  use  of  wrought- 

♦  For  a  more  detailed  description  see  article  "Testing  Methods  at  the 
Royal  Technical  Research  Laboratory  at  Charlottenburg,  etc.,"  by  F.  Jaff^, 
down  Architect,  Beriin,  in  report  of  International  Fire  Prevention  Congress, 
London,  1903. 
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iron  columns  in  warehouse  construction,  but  to  protect  such 
members  by  fire-resisting  coverings.  The  question  whether 
open  latticed  columns,  etc.,  should  be  filled  with  cement  or  con- 
crete, before  being  encased,  was  decided  in  the  negative. 

A  permanent  testing  station,  supported  by  the  state,  is  main- 
tained at  Berlin  under  the  name  of  the  Royal  Technical  Research 
Laboratory.  Test  huts,  similar  to  those  used  by  the  British 
Fire  Prevention  Committee  are  used,  and  an  official  certificate 
is  issued  for  each  test  of  material  or  device. 

Detailed  Tests  of  Materials  and  Constructions.  —  The 
materials  usually  employed  in  fire-resisting  construction  are 
described  in  detail  in  Chapter  VII,  where  will  also  be  found 
descriptions  of  many  fire  and  water  tests  made  under  the  auspices 
of  testing  stations  previously  described. 

Tests  of  devices  or  constructions  will  be  found  in  various  fol- 
lowing chapters,  where  such  tests  may  be  more  properly  con- 
sidered in  connection  with  the  construction  or  device  under 
discussion. 


CHAPTER  VI. 


[FIRES   IN    FIEE-RESrSTlNCi    BUILDINGS, 
FLAG  RATIONS. 


AND    CON- 


FiRK  Losses  on  F ire-res [sting  Duildinus. 

Evert  fire  teaches  some  lesson;  every  great  fire  wniie  great 

[lesson  — to  the  disrerningr,  at  Iftist.     The  pnictitinl  value  may 

'  be  trifling,  adding  bttt  ouo  more  instance  to  the  stutislirs  of  fire 

cause  and  effect,  or  the  lesson  may  bn  of  momentous  importaijecT 

causing,  through  its  very  calamity  and  wifle-spread  effects,  the 

enforcenient  of   mon.^  j^trinsent   regulations   pertaining   to  fire 

hjizard,  or  even  the  introduction  of  radical  changes  in  the  build- 

fing  construction  of  an  etitire  city.     Indeed,  it  is  not  an  exaggem- 

tioti   to  say  that  a  single  conflagratinn  brought  about  a  new 

(fire-resisting  construction   tliroughout   a   whole  nation*  as  our 

[own  present  forms  of  structural  fireprooling  are  practically  the 

'  immediate  outcome  of  the  great  (^hicago  fire* 

London,  through  it.^  Cripplegate  disaster,  and  Chicago, 
through  its  conflagratitm  of  1871,  both  learned  the  folly  of  allow- 
ing  fi  ret  rap  *?truft  tires  to  menace  the  ^safety  of  a  great  city. 
Jacksonville  learned  to  its  sorrow  that  dynamite  is  a  poor  sub- 
stitute for  water  in  fighting  fire  —  but  not  until  a  large  portion 
of  the  city  had  been  devastated  in  spite  of  a  river,  capable  of 
furnishinj;  an  adequate  \vater  supply,  within  cji-sy  range  of  its 
main  thor<iughfare«.  Walerbury,  Conn,,  and  Palerson,  N-  .L, 
I  gained  costly  exf>erieneo  as  tn  the  neplert  of  fire  hazard,  while 
Baltimore  and  San  Francisco  must  stilh  for  a  long  time  tn  oi^me, 
be  engaged  in  replacing  the  enormous  loiiHe-s  which  came  from 
neglecting  previous  well-defined  warnings  a.s  to  the  ahksolutc 
ne**es«ity  of  firc-rtisisting  construction  in  congested  areas,  and 
I  adequate  pmvision  against  exp<:»sure  fires. 

But  our  knowledge  concerning  fire  caus^es  and  effects  has  not 
[been  eonlineti  to  great  confiagrations.     Hardly  less  important 
[have   been   the  lessons  taught  by  fires  in   individual  buildings, 
tris  sacrificed  124  lives  in  its  terrible  bazaar  fire  before  H  realized 
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that  a  safe  place  of  amusement  for  large  crowds,  even  though  of 
a  purely  temporary  character,  could  not  be  constructed  in  a 
night.  London,  as  late  as  1902,  was  only  brought  to  a  realiza- 
tion of  its  antiquated  fire  department  through  the  fire  in  a  five- 
storied  building  on  Queen  Victoria  Street,  where  ten  persons  lost 
their  lives  because  50-foot  ladders  would  not  reach  to  a  height 
of  60  feet.  The  Jefferson  Hotel  at  Richmond,  Va.,  patronized 
by  scores  of  winter  tourists  in  the  belief  that  the  structure  was 
fireproof,  came  to  complete  ruin  because  of  a  poorly  insulated 
wire,  combined  with  a  construction  far  from  fire-resisting;  while 
the  Hotel  Windsor  fire  in  New  York,  and  the  Iroquois  Theater 
fire  in  Chicago,  served  to  bring  home  to  those  cities  the  fact  that 
firetrap  hotel  construction,  and  totally  inadequate  theater  pro- 
tection and  equipment,  are  both  nothing  short  of  criminal. 

To  the  above-mentioned  fires  may  be  added  those  stiU  more 
valuable  experiences  from  fires  which  have  occurred  in  buildings 
intended  to  be  fire-resisting,  —  such  as  the  Chicago  Athletic 
Club  building,  the  Home  buildings  in  Pittsburgh,  the  Granite 
building  in  Rochester,  and  others  of  similar  character  —  and 
conflagrations  such  as  Baltimore  and  San  Francisco  where  fire- 
resisting  structures  have  been  subjected  to  the  test  of  confla- 
gration conditions.  To  those  interested  in  fire  protection  and 
fire-resistive  building  construction,  these  actual  tests  of  improved 
methods  are  of  the  greatest  value,  and  it  will  be  the  object  of 
this  chapter  to  consider  some  of  the  more  important  fires  of  this 
character  with  a  view  to  determining  the  lessons  made  manifest. 

Fire  and  Water  Tests  Classified.  —  Our  present  knowledge 
of  the  action  of  fire  and  water  upon  buildings  or  building  materials 
and  devices  is  derived  from  four  principal  sources: 

First:  Experimental  tests,  as  enumerated  in  Chapters  V, 
VII,  etc. 

Second:  From  fires  in  non-fire-resisting  buildings,  neither 
built  as,  nor  claiming  to  be  of  fire-resisting  construction.  Such 
fires  are  generally  interesting,  if  studied  carefully,  as  illustrating 
the  often  eccentric  behavior  of  fire,  and  are  apt  to  be  valuable 
in  determining  the  cause  of  fire,  or  its  effects  upon  the  particular 
arrangement  or  planning  of  the  building,  or  upon  the  materials 
employed.  Such  examples  are  not  particularly  valuable  to  the 
advocates  of  fire-resisting  construction,  except  in  so  far  as  they 
serve  to  show  the  utter  unreliability  of  any  type  other  than  fire- 
resistive.     The  Paris  bazaar,  the  Hotel  Windsor,  the  London 
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but  iAiXL  immim^  no  iMt  of 
Third:   From  firai  m  bvildia^  whieb  air  nol  fire-wststiv^ 
which  wete  aerer  gntcDcled  to  be  kv  but  whidi,  nevertlbo* 
are  pofMii&rlj  so  eonndeml  by  tlioBe  not  tJioffcniBtiljr  ac- 
quainted with  ^re-fodstiiis  pfincipleB,  irho  are  often  mieied  by 
:lho8e    half-^ay    malcftahiftg, — botcb,  apstnineot    houses^  and 
Pven  eomtnerrtfil  boikfiq^s  —  wbirii  an?  adv-erttTPd  or  spoken 
'  as  **  thoroughly  fireproof  when  their  oonstniction  in  no  my 
l^arraiits  socfa  a  claun. 

In  this  dass  are  induded  abo  those  etructu7«8  of  eaili^  dales 
I  which  are  fitill  ju^ii^d  as  Bcpreacntative  of  modem  con^nielion, 
l&nd  whif  h,  after  fadnre,  lead  many  to  niisjadge  completely  tme 
HPesastin^  conetnic^ioa  and  to  lose  faith  in  fire-resisting  efforts 
genera],     A  moet  excellent  eacampie  of  thie  ehaiacter  waa 
horded  by  the  burning  of  the  ^fanhattan  Savings  Bank  building 
New  York  in  1S95.     This  fire,  originating  in  and  spreading 
a  building  aero®  the  gtreet,  verj'  thoroughly  destroj'ed  the 
[Manhattan  Bank  buildings  which  "while  far  from  repre^nting 
I  the  bes5t  fireproof  csonstniction,  would  ordinarily  be  called  fire- 
by  buildeiB,  landlords^  and  the  public  generally/**    As  a 
atter  of  faet^  no  one,  at  aD  acquainted  with  the  meet  nidi- 
ar>'  knowledge  of  fire-resistance,  could  have  oonsidereil  this 
ing  fire-resisting,  owing  to  the  unprotected  cast-iron  columns 
nd  bottom  fianges  of  floor  girders.     Nevertheless,  this  fire  in  a 
'fireproof'*  building  was  the  cauae  of  many  criticisms  shortly 
Ithereafter,  in  which  the  entire  sj^slem  of  fire-resistance,  as  then 
practiced,  was  assaiIe«J  by  critics  in  general  and  fire-department 
officials  in  particulaj*,     A  prominent  fire-department  chief  was 
^quoted  as  sajTUg  that  there  wa»  not  then  a  thorouglily  fireproof 
I  building  in  New  York  City.    Alao  **the  Miuihattan  Bank  fire 
|«howB  that  so  little  fireproof  are  these  structures  that  they  are 
[BUsceptible  to  fire  from  without  and  but  fifty  feet  away  from 
I  them.     The  heat  from  the  Keep  bmlding  acted  directly  upon  the 
|expoeed  iron  work  of  the  Manhattan  building.     The  iron  re- 
Vtsted  the  fire  —  that  is,  it  did  not  blaze— but,  so  far  as  the 
afety  of  the  building  was  concerned,  it  did  something  infinitely 
lirorse.     It  expanded  under  the  he^'it,  and  forcetl  out  the  ends  of 
he  iroD  beams  and  girders  from  their  rcj^iing  places  on  the  sup- 
irihie  ft'wtH.^^    8urch",  when  firemen,  builders,  landlords,  or 
*  See  Bnginterinff  Newt,  Vol.  XXXV,  No.  16, 
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any  portion  of  the  general  publie  consider  tliiw  fi re-res i tiling  con- 
Btriiction,  - —  and  thfit  Buch  is  tlie  cme  even  today,  the  writer 
knows  from  peiftoiial  canvt-rsiitions  —  it  is  no  woader  that  there 
is  discouragement  from  such  teata» 

Fourth:  Fortunately,  however,  we  still  have  a  fourth  source 
of  knowledge  rejspeeting  fire  teats,  namely,  through  those  fires 
which  have  occurred  in  buildings  designed  and  constructed  to 
resist  fire  more  or  le.Hs  in  accordance  with  the  be^t  and  most 
approved  methods  in  use  at  the  time  of  erf^etion. 

Manifestly  BU(!h  tests  of  actual  fire  under  actual  eonditionH  are 
of  (t\r  great^^r  value  than  mere  experimental  testa.  No  prepara* 
tioR  ia  made  for  some  e-xpected  result;  no  opptirtunity  ia  prc^ 
Ben  ted  to  minim  i^^e  tlie  effcM-ts.  The  devjustat  ion  is  quick,  the 
conditions  practical,  the  results  conclusive,  but  not  without 
loss  ^^  often  verj^  great  loss^—  even  though  the  building  waa  fire- 
rf^istive.  As  well  expect  the  contents  of  a  stove  to  refuse  to 
bum,  or  the  grate-bara  to  burn  out,  simply  because  the  stove  m 
incombuHtible. 

As  in  the  case  of  the  Manhattan  Bank  building^  many  fires 
have  occurred  in  buildings  termed  fire-resisting,  which  are  not 
worth  careful  attention  as  regards  fire-resisting  methofLs,  simply 
because  more  wiis  claimed  for  such  structures  than  their  con- 
Btruction  warranted.  A  luimber  of  firtis  have  occurred,  however, 
ill  buildings  worthy  of  the  apiwilation  of  fire-resisting,  or  at  least 
as  the  term  waa  known  at  the  time  of  building,  and  these,  while 
greatly  to  the  credit  of  modern  methods  in  moat  particulars, 
still  reveal  glaring  faults^  deplorable  makeshifts,  and  many 
hvssona  of  great  vidue  f(jr  futurt?  guidance. 

First  Actual  Test  of  FIre-reslstiag  Construction.  —  It 
somewhat  difficidt  to  determine  exactly  what  building  might 
considered  the  first  fire-resisting  structure  to  sutler  test  by  firef 
but  as  modern  types  of  tena-cotla  arch  construction  did  not 
become  at  all  common  until  the  early  eighties,  and  as  the  first 
purely  skeleton  construction  building  w^as  not  erected  until 
1884-85,  the  first  test  really  applicable  to  modern  methods  of 
construction  must  be  found  subsequent  to  those  years. 

A  number  of  firea  had  previously  occurred  in  semi -fire-resisting 
buildings,  all  pointing  to  the  givat  value  of  such  construction, 
but  still  not  affording  a  t^*t  of  fireproof  methods  per  se.  Such 
was  the  fire  in  the  Chicago  Opera  House,  wher^  a  non-fireproof 
/t/(/I  was  destroy!^  with  the  ornamental  portions  o£  the  interior 
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leaving  tho  slructural  \niTis  hf»lovv  ihe  roof  uninjuml.  SikIi, 
aJrtO,  was  Ihf!  fire  in  tJie  Stillriian  apartiiient  bouse  in  Cleveland, 
where  an  unfireproofetl  roof  i^onwtruct ion  was  destroyed  withoul 
damage  to  the  fire-refiisi  ing  fl(X>m  below.  But  it  Wiis  not  until 
1891  that  a  really  aii equate  test  of  fire-resisting  metliods  was 
afforded^  and,  strangely  enough,  the  fire  could  not  have  been 
better  planned  for  sucii  a  test  hail  the  structure  been  lu^tually 
desig;ne(I  and  liuill  for  thi.^  espei'ial  purpose.  This  fire  was  in  the 
Minneapuhs  fjuniber  Exehangi*  l>uilding. 

Minneapolis  Luml>er  Exchange  Fire.*  — Thin  fire,  whieh 
oeourretl  in  January,  18111,  afforded  a  most  valuable  and  inter- 
esting compari.stjii  of  non-fire-resisting  and  fire-ret^isting  eon- 
BtnietiorLS  in  one  and  the  same  liuiiding,  for,  ahhougli  liic  fire 
waa  prineipally  eonfiued  to  the  ''slow^-burning*'  original  portion 
of  the  atructurej  still  the  eoiitraat  between  this  portion  and  a 
thoroughly  fire-resi.sting  iuldition  formed  a  contrast  M*»ldoin  seen. 

The  building  originally  consiHte<l  of  a  nine-ntoried  ^low-burning 
ptructure,  so  ealletl  beeauae  all  of  the  iron  rolumns  and  girders 
and  the  wooden  floor  joists  w^ere  covered  with  fireproof  tile.  To 
this  portion  were  suldwl  two  new  sttsries,  making  eleven  in  all, 
and  an  entirely  new  portion,  idso  of  eleven  stories.  Both  of 
these  additionji  were  designed  t-o  be  of  appro vchI  fire- resisting 
construction,  built  of  masonry^  walls  and  a  steel  framework  with 
five-inch,  hollow-tile  floor  arches,  carried  on  floor  I-beams,  spaced 
about  seven  feet  centers. 

The  fire  starte^l  in  a  five-storietl  paint  st^>re  separated  from 

the  old  Exchange  by  only  a  twelvt^foot  alleyway^  and  thuw,  with- 

I  out  design,  the  conditions  were  afforded  for  a  most  conipre- 

*  hensive  test  ca»e  —  an  inflammable  building  in  w  hich  the  fire 

originates,  an  adjacent  slow-burning  slructure,   and   tfie  new 

fi reproofed  portions. 

In  the  older  portion  of  the  buildinf^  the  fim  burned  for  twenty- 
four  hours,  leaving  only  the  bare  walls  and  the  iron  columna 
which  supported  the  two  new  stories.  These  columns  stiQ  re- 
tained enough  of  their  flreproofing  to  prevent  failure,  and  tlie 
curious  spectacle  was  presented  of  two  eotnparatively  uninjured 
gtorips  over  and  above  nine  stories  of  (!om[>lete  ruin.  Tfie  over- 
hea*i  tenth-  and  eleventh-story  floor  arclies  remained  praidieally 
perfect,  except  that  the  plastering  was  wholly  destroyed,  although 

♦  For  very  irii«.>i^*i4ti[ii:  pbotagrapbs  of  thiH  fire,  see  tnlatid  Arefiifert,  August, 
18BJ, 
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the  stone  trimming  around  the  windows  was  badly  crumbled  in 
many  instances.  Nine  stories  of  fire  under  a  fire-resisting  fioor 
construction  would  constitute  a  challenge  which  not  many  manu- 
facturers, possibly  even  of  terrarcotta,  would  choose  to  accept 
even  today. 

The  new  building,  connected  to  the  older  portion  by  thirty-five 
foot  openings  on  each  floor,  was  not  entirely  finished.  The  plas- 
tering had  been  completed  and  many  of  the  rooms  contained  more 
or  less  wood  trim  which  was  about  to  be  placed,  this  fact  doubt- 
less contributing  to  the  very  slight  damage  done.  While  no 
portion  of  this  addition  suffered  either  as  intense  or  as  direct 
heat  as  did  the  tenth  floor  of  the  older  part,  still  the  effects  of  the 
burning  of  such  quantities  of  wood  joists  and  girders  in  the  ** slow- 
burning"  portion  was  evidenced  by  the  blackened  walls  and 
ceilings,  caused  by  the  flame  and jsmoke  pouring  through  the 
connecting  openings;  and  had  the  wood  trim  been  all  in  place, 
or  the  construction  of  a  less  incombustible  nature,  the  damage 
would  have  been  far  greater  than  it  was.  Even  within  five  feet 
of  the  connecting  openings  the  plastering  was  found  intact,  and 
in  spite  of  the  subsequent  freezing  of  the  water  poured  upon  the 
floors,  and  the  great  and  rapid  changes  in  temperature  caused 
thereby,  neither  the  floor  arches  nor  any  of  the  structural  por- 
tions of  the  newer  addition  seemed  to  have  been  seriously  affected 
in  any  way.  Had  the  fire,  in  its  early  stages,  been  attacked  from 
the  inside  of  the  new  building  at  the  various  floor  levels  instead 
of  from  the  outside  only,  as  was  done,  still  less  damage  would 
have  resulted  with  probably  very  little  or  none  at  all  in  the  new 
structure. 

Although  many  reports  of  this  fire  stated  that  a  fireproof 
building  had  been  burned  and  destroyed,  it  is  seen  that  such 
statements  are  incorrect.  The  "slow-burning"  construction, 
considered  good  and  efficient  in  its  day,  was  tried  and  found 
wanting,  while  the  newer  practical  system  of  fireproofing  ful- 
filled all  expectations.  No  greater  contrast  than  this  test  could 
be  desired. 

Metropolitan  Opera  House  Fire. — The  fire  which  de- 
stroyed the  stage  and  auditorium  of  the  Metropolitan  Opera 
House  in  New  York  City  on  August  27,  1892,  is  both  interesting 
and  instructive,  forming,  as  it  did,  one  of  the  earliest  examples 
of  a  fire  in  a  building  designed  to  be  fire-resisting,  and  also  the 
^rsl  example  of  fire-resisting  theatre  construction.    The  writer 
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was  iuformed  by  Mr.  Uudolf  Ballin,  foriiiorly  in  t'liiirgo  of  the 
inspection  of  tiicuters  for  the  New  York  BoanI  of  Fire  IiQiif^r- 
writen^,  that  this  theater  was  liie  first  to  be  construeteii  entirely 
along  fire-resisting  lines,  and  from  an  imderwriter^s  standpoint 
it  was  regarded  wit  h  great  intercut  tjeciiuse  of  the  largely  experi- 
mental nature  of  applying  fire-r<]isiiiting  methods  to  theater  eon- 
etriiction,  even  as  late  as  the  early  nineties.  Many  of  the  details 
employed  would  not  now  be  so  design cfl,  mueh  less  permitted. 
Construdion  of  Building.  —  The  floor  construction  was  partly 
of  briek  arehes,  sprung  between  beams,  but  mostly  of  S-inch  and 
10-inch  ponDus  terra-cotta  arrhos.  The  iron  stage  supfioits,  of 
a  very  extensive  and  intricate  design,  wen^  unprotertKd  through- 
out —  as  is  generally  the  case,  due  to  tlie  frequent  changes  made 
necessary  in  the  production  of  elalx>rate  grand  opera.  The 
cjajst-iron  C4>lumns  supporting  the  various  tiers  of  boxes  and  bal- 
conies were  unprotected,  but  the  large  giitler  spanning  the  pnjs- 
cenium  arch  was  protected  by  three  inches  of  porous  tile. 

Serious  defects  in  gcnenJ  design  c-xisted.  The  stage  portion 
was  not  properly  divided  from  the  auditorium,  as  the  openings 
in  the  proseenimn  wall  were  only  protectt*d  iiy  sinj^^le  doors, 
Bome  of  imn  and  some  of  wtKid.  The  hre  cui'taiii  was  not  prop- 
erly hung,  and  the  skylights  over  the  stage  did  not  work  anto- 
maticfdly.  The  greatest  defect,  however,  (^on^sisted  of  shafts 
ninning  between  the  stage  proixir  and  the  dressing-room  fxortkm 
of  the  stage,  with  saah  windows  on  each  fltjor,  while  the  elevator 
shaft  also  had  open  conmninication  with  each  floor  of  the  dress- 
i n g-roo m  sect  lo  n . 

EJfeciJi  iif  the  Fire.  —  The  lire  occurred  in  the  dayiinte,  while 
the  theater  was  closed  to  the  pul>hc  for  the  summer,  and  was 
proljafjly  flue  to  the  eaivlessness  uf  a  scene  painlcr.  AV'hen  tlin 
firemen  first  entered  the  auditorium  thci^tage  porltijo  was  burn- 
ing fiercely,  the  auditorium  being  filled  with  smnke,  but  then 
untouched  by  flame.  Soon,  however,  the  flames  burst  through 
the  arch  into  the  Ixidy  of  the  hous<^,  doing  far  more  damage  to 
the  upper  balctiniea  Ihan  to  the  lower  ones  or  to  the  main  floor. 
The  chairs  in  the  lower  U>xe3  were  but  slightly  damaged,  while 
a  level  false  floor  which  was  in  place  ov^er  the  entire  pitched  main 
floc»r  (used  for  balLs,  etc.)  was  not  scriousiy  injured  except  by 
the  debris  falhng  on  it.  In  the  upiier  balconies,  however,  the 
damage  was  much  more  serious.  This  is  jiarticularly  interesting  as 
forming  a  striking  comparit^on  with  tlie  lro(|uois  Theater  d\&8&\^i. 
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The  fire  fed  chiefly  on  a  mass  of  inflammable  scenery  upon 
the  stage,  also  upon  large  quantities  of  old  scenery  stored  be- 
neath it.  The  stage  portion  was  completely  burned  out,  and 
everything  of  a  combustible  nature  in  the  auditorium  above  the 
orchestra  floor  was  destroyed.  The  insurance  on  the  building 
>  was  only  $26,000,  this  loss  being  total.  The  insurance  on 
contents  was  $49,500,  the  insurance  loss  on  contents  being 
$48,668. 

As  to  the  structural  portions  of  the  building,  the  terra-cotta 
arches  of  the  main  floor  and  of  the  balconies  sustained  no  serious 
injury  other  than  the  loss  of  their  plaster  coverings.  The 
terra-cotta  fireproofing  around  the  proscenium  arch  girder  also 
remained  intact,  undoubtedly  preventing  the  collapse  of  the 
girder.  The  efficiency  of  the  general  employment  of  fire-resist- 
ing construction  was  demonstrated  by  the  complete  preservation 
of  the  adjoining  portions  of  the  building  from  injury,  as  not- 
withstanding the  severe  fire  on  the  stage,  the  hotel,  ball  rooms, 
restaurants,  etc.,  within  the  same  structure  were  untouched. 
"The  fire  afforded,  therefore,  a  valuable  demonstration  of  the 
worth  of  fireproof  construction,  since  without  it  the  entire  block 
would,  in  all  probabiHty,  have  been  destroyed." 

Defects  in  Plan  and  Construction.  —  Lessons  of  value  are  to  be 
found  in  the  weakness  of  design  caused  by  the  introduction  of 
shafts  between  the  stage  and  dressing  rooms,  in  the  serious 
bending  and  deflection  of  the  unprotected  cast-iron  columns 
supporting  the  balconies,  in  the  failure  of  the  sprinkler  system 
to  overcome  the  fire,  due  to  inadequate  supply  of  water  from  the 
roof  tank,  in  the  failure  to  lower  the  asbestos  curtain,  although 
several  employes  were  on  or  near  the  stage,  including  two  of  the 
regular  house  firemen,  and  in  the  failure  of  the  skylights  over 
the  stage  to  provide  an  adequate  and  ready  vent  for  the  flame 
and  hot  air.  In  view  of  several  of  the  same  defects  in  the  more 
recent  Iroquois  Theater  fire,  the  following  conament  upon  thie 
Metropolitan  Opera  House  fire,  published  in  the  Engineering 
Record  of  September  10,  1892,  will  serve  to  show  how  little  the 
lessons  of  past  experience  are  appreciated:  "The  experience  of 
this  fire  seems  certainly  to  call  for  a  positive  exclusion  of  so  much 
inflammable  matter  on  or  near  the  stage,  and  improvement  in 
the  mechanical  appliances  to  render  the  action  of  skylights  and 
drop  curtains  automatic^  in  that  such  mechanisms  may  be  set  in 
motion  by  the  effect  of  the  heat." 
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€hfra}?o  Athletic  Club  Itiilldiiii;  Fire.  —  This  fire,  which 
occurred  on  rs(>\'t^njhor  I,  18112,  m  gt^ucmWy  cniiHidpred  the  first 
Bcvcre  test  by  fire  i>f  u  building  ititeiid«3<l  to  be  fire-resisting,  and 
the  lesBcma  wldeh  were  so  phiinly  made  manifewt  undoubtedly 
did  more  than  ahoost  any  other  fire  In  a  building  of  modern 
constiTiotion  to  calj  attention  to  iiiany  errore  of  detail,  and  to 
stimulate  efforts  toward  im[>rovement  in  fiixj-reslating  methods. 

The  building  was  nine  litories  in  height,  and  devotctl  ex<4u- 
Bively  to  the  purpttses  of  the  atldotic  dub.  The  eonstruction 
consiHtcd  of  self-^npjiorting  e>xlerior  walb,  an  interior  steel 
frame  of  Z-bar  cohmuiB  antj  I-beams,  jiorous  tcrra-cotta  *^end» 
constnietion"  fioor  arches,  and  partitions  and  column  coverings 
of  the  same  materiaL 

But,  unfortunately,  the  full  efficiency  of  this  fire-n^sisting 
groundwork  was  largely  nullified  by  introducing  large  quantities 
of  combuHlible  materials,  wliicli,  while  possibly  denmnded  by 
the  inlorior  appointments  of  eonifort  and  elegance  exf)eeted  in 
clubhonse  de?tign,  were  still  reiifiered  even  more  hazardous 
thDJUgh  the  fauhy  details  attendant  upon  their  use.  Thus  the 
gj^nnasiumj  on  the  fourth  floor,  where  tlie  fire  originated,  was  a 
large,  two-storiod  roojn,  fini^ihed  in  oak  paneling  throughout, 
the  celling  being  attaehed  to  one-ineh  nailing  strips,  which  were 
BO  fastened  to  the  terra-cotta  aifdi  bloeks  as  to  leave  apacea 
between  the  llcor  arches  and  the  paneling,  in  which  air  currents 
ami  flurne  could  freely  eireuhtte.  This  same  construction  was 
follovvwl  in  the  paneled  oak  wainscfiting,  extending  from  fioor 
to  ceiling  in  the  same  rnonij  an<J  also  in  all  corridors  in  wliich 
n:ik  waiiiscolin^  wa-s  used  to  a  height  ftf  five  feet. 

Another  serious  mistake  in  detail  was  the  Introduetion  of 
wooden  nailing  slrijis  btltretu  the  eueeessive  courses  of  the  terra- 
totta  l>locks  used  for  column  easingB.  In  ordtir  to  provide 
grounds?  for  the  oak  paneling,  2-inch  by  4-inch  wood  strips,  about 

feet  centers  vertically,  were  inserted  in  the  terra-eotta  column 
L-overrngfi,  the  construction  thus  consisting  of  alternate  courses 
of  four-ineii  cA'posed  wood  Hlrips,  and  tliree  feet  of  terra-cotta 
hloekfi.  The  result  was  preei.sely  what  inipht  have  bwn  ex- 
pected. As  srx)n  as  the  fire  burned  through  the  panehng  to  the 
Wood  grounds,  these  also  were  cfinsumed,  thus  allowing  the  file 

fall,  and  exjxjsing  the  steel  columoH. 

The  Fire  —  started  in  the  gj'mnasimn  lief  ore  the  building  was 
finished.     Large  quantities  of  wood  trim  for  other  \)OT:lki\ift  Ckl 
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the  building  were  stored  in  this  room  at  the  time^  and  such  a 
large  quantity  of  comhustiblc  material  naturally  re^sulted  in  a 
yery  severe  fire*  The  flames  were  rapidly  communicated  to  the 
upper  floors  by  meana  of  the  windows  and  stairway  openings, 
completely  consuming  all  wo<3d  finish,  and  dt^truyiiig  all  plas- 
tcringT  electric  wiring^  and  piping,  bcsidi?s  causing  considerable 
structural  dam  age  >  The  cowtly  carved-stone  front  was  ruined 
above  the  third  flfMir,  a  few  steel  beams,  where  the  firt^proofing 
had  not  l>een  completed,  were  deflected,  two  columns  on  the 
eighth  floor  were  badly  warped,  and  great  damage  was  done  to 
the  terra-cotta  partitions  and  column  coverings. 

Of  the  terra-wtta  flfwirs,  none  failed  although  the  under  sideg 
of  the  blocks  fell  off  in  some  instances,  Tests^  on  several  of  tlie 
apparently  worst  damaged  arches  after  the  fire,  developed  a  load 
of  450  p<jundti  ikt  aquare  foot  without  failure.  Many  of  the 
damaged  ceihngs  were  repaired  by  me^ins  of  expanded  metal  and 
plaster  attached  to  the  beams  and  to  the  damaged  tile» 

The  tile  partitions  showed  very  poor  resisfjince  to  the  force 
of  fire  hoBf",  thus  demonstrating  the  necessity  for  better  partition 
cotistruetion.  About  half  of  the  column  coverings  dropped  off, 
but  in  spite  of  such  a  poor  showing  the  stet4  frame  was  entirely 
reused,  except  tlie  few  beams  and  columns  previously  noted. 
The  report,  made  to  the  Inulding  committee  included  the  follow- 
ing: '*We  have  nowhere  discovered  that  the  metal  portions  of 
the  building,  where  the  fireproofing  field,  have  been  deformed  or 
injured.  And  even  where  the  fireproofing  tile  dropped  off,  from 
the  burning  out  of  the  nailing  strips  vvhich  supported  them,  the 
columuH  weem  to  have  jnupported  their  lojwla  without  bending, 
except  two  on  the  eighth  floor,  owing,  no  doubt,  to  the  fact  that 
the  greatest  heat  had  been  expendeci  before  the  strips  were  so 
burned  away  as  to  pc^nnifc  the  tile  covering  to  drop  off.  This 
building  furnif^hes  an  assurance  that  was  lacking  before,  namely, 
that  the  metal  portions  of  a  building^  if  thoroughly  protected  by 
fireprooflng  properly  put  on,  w^ill  safely  withstand  any  ordinary 
conflagration.  In  this  instance  we  do  not  think  that  the  fire- 
proofing  was  properly  bonded.  The  integrity  of  the  building 
does  not  seem  to  be  impaired,  and  it  may  be  made  as  good 
as  new  by  replacing  the  parts  injured." 

Defects  in  Desigfi.  —  It  will  thus  be  seen  that  the  first  severe 
test  of  modern  fire^resisting  methods  vindicated  the  use  of  steel- 
/rame  and  terra-cotta  copstruction,  but  that  faulty  details  were 


FIRES   m   FlRE-RESISTmO  BtTItDINGB 


I 


responsible  for  the  damai^c  whirh  ensued.  Had  the  colurana 
been  properly  protected  by  scjlid  and  eontinuou.s  casingSj  with- 
out the  introduction  of  wixhI  Ktrip«,  it  in  very  improbable  that 
any  injury  whatever  would  have  resulttHl  to  the  eelumus  thcm- 
Belves.  Had  tiie  oak  wainscoiing  und  ceihog  paneling  Ix^en  of 
incombustible  material,  or  even  thoroURlily  back  plastered  no 
as  to  fill  all  air  spaces,  great  damage  to  tfif?  tile  archt s  and  par- 
titions would  have  been  avoideil*  Had  the  partitions  been 
adequately  wedged  so  as  to  rt^nder  them  rlf^id,  Q-nd  liad  metal 
Btuda  been  used  at  all  door  openings  to  acid  to  this  rigidity,  a 
laxge  Sidvage  might  have  been  secured  on  this  portion  of  the  work. 
Had  in(K>mbustJble  floors  been  used  in  place  of  the  two  ttiiek- 
nesses  of  wood  floors  employed,  the  combustible  material  and 
hence  the  severity  of  the  fire  woidd  have  been  greatly  reduced. 

Home  Buildings:    rirst  Fire.  —  For   several   yc-ars    after 
1892,  —the  date  of  tiie  Chicago  Atlilrtie  Chib  Building  hrc — 
few  fires  of  prominence  occurred  in  any  so-called  fire-resisting 
uilding^,  but  in  1897  both  popular  and  scientific  interest  were 
again    directed    to   the    question   of   fire-n^isting   construction 
through  the  now  well-known  Pittsl)urgh  fire  of  that  year.     This 
raus  the  fir«t,  and  the  more  generally  known  fire  in  the  Home 
uildings,  in  Pittsburgh.     The  fire  occurretl  May  3,  ISf^T,  en- 
tailing a  loss  of  about  S2,5(>0,(XKJ,  the  loss  including  the  complete 
destruction  of  the  oon-fire-resisting  building  in  wliicli  the  fire 
originated,  and  the  partial  destriiclion  of  three  other  buildings, 
,o  which  the  fire  was?  communicated  externally,  all  of  which  were 
rtUBidered  to  l>e  of  thorough  fire-res  is  tirrg  design.     The  result, 
jierefore,  constituted  the  most  important  test  of  fire-resisting 
ethods  which  had  ocnurreri  up  to  that  time,  and  as  each  of  the 
three  buildings  damai^ed  was  of  an  essentially  different  construe- 
ion  from  the  othert?!,  the  comparisfin  of  materials  and  methotla 
xhibited  in  this  insUinee  have  aflforded  ver^^  instructive  interest. 

Dt'scTipHtm  of  Fire. — The  fire  originated  in  a  large  buihling 
of  the  Jenkins  Wholesale  Grocery  Company,  running  the  full 
depth  of  the  block  from  Liberty  avenue  to  Penn  a\'enue;  but 
an  this  was  a  non-fire-n^isting  structure,  largely  stocked  with 
paints,  oils,  and  inflammable  merchandise,  the  destruction  of  tliis 
building  is  of  no  particular  inteit'st,  except  to  point  the  moml  of 
how  dangerous  sueh  a  risk  may  be  to  adjoining  or  nearby  struc- 
tures, For^  upon  the  falling  of  the  walls  of  the  wooden  con- 
Btruction   Jenkins   Ijuilding,   the  flames   quieldy  leaped  a*CT<aaa 
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Penn  avenue,  destroying  several  pieces  of  the  fire  department's 
apparatus  and  attacking  simultaneously  the  unprotected  fronts 
of  the  Home  Store  Building  and  the  Home  Office  Building. 

It  is  these  two  buildings,  and  also  the  Methodist  Building,  a 
few  doors  to  one  side  of  the  Jenkins  building,  which  are  of  par- 
ticular interest  from  a  fire-resisting  standpoint;  but,  as  detailed 
descriptions  of  each  are  beyond  the  limits  of  any  condensed 
treatment,  attention  will  be  limited  to  evident  defects  in  design 
or  construction  —  in  short,  to  the  lessons  to  be  derived  from 
this  fire  test. 

The  Home  Store  Building,*  built  in  1893,  was  a  six-story 
and  basement  building  of  about  120  feet  frontage  by  180  feet 
deep  on  Fifth  street.  The  interior  was  entirely  open  and  undi- 
vided, and  while  undivided  areas  of  20,000  square  feet  may  not 
be  open  to  serious  objection  when  used  for  store  purposes,  es- 
pecially if  provided  with  ordinary  safeguards  or  preferably  with 
a  sprinkler  system,  still,  there  can  be  no  excuse  from  a  fire-resist- 
ing standpoint  for  introducing  the  open  light  well.  The  Home 
Store  Building  had  an  open  court,  about  22  feet  by  50  feet  in 
size,  extending  through  the  center  of  the  building  from  first 
story  to  roof,  with  an  iron  railing  on  each  floor.  (See  Fig.  6  in 
author^s  "Architectural  Engineering.") 

This  forms  a  very  common  feature  in  retail-store  design,  and 
with  open  stairways  and  open  elevator  shafts,  no  better  means 
of  communicating  fire  from  floor  to  floor  could  possibly  be  de- 
vised. The  vertical  hazard  is  thereby  made  maximum,  and  the 
present  instance  is  no  exception  to  the  usual  resulting  ruin. 

The  interior  framework  of  the  building  consisted  of  24-inch 
box  girders  framed  between  standard  Z-bar  columns,  with  15- 
inch  floor  beams  resting  upon  shelf  angles  attached  to  the  girders. 
The  floor  arches  were  of  9-inch  hard  burned  terra-cotta  blocks, 
side-construction  pattern,  with  webs  about  f-inch  thick.  The 
tops  of  these  arches  were  on  a  line  with  the  tops  of  the  floor 
beams,  the  skewback  blocks  having  been  made  of  a  special  deep 
pattern  so  as  entirely  to  cover  the  sides  of  the  15-inch  beams, 
thus  presenting  a  panelled  effect  to  the  ceilings,  as  shown  in 
Fig.  31.  The  arches  were  covered  with  4  inches  of  cinder  con- 
crete, in  which  were  embedded  nailing  strips,  14-ins.  centers, 
to  receive  the  hard-pine  floors.     The  columns  were  protected 

*  For  photograph  of  the  two  Home  buildings  after  the  fire,  see  Fig.  5  in 
revised  edition  of  the  author's  "Architectural  Engineering." 


Fio.  31.  —  Floor  Arches  in  Horn*  Store  Buildiitgt 

Sirudural  Damage  and  Defects  in  Design.  ~  The  column  cover- 
.generally  retiiainotj  intact  hut  the  floor  arc)  les  made  a  pouicr 
Lg.  The  tops  of  the  arches  were  mostly  in  good  eonditiou 
(save  the  cinder  (luniirete,  whicfi  was  probably  of  poor  material 
hen  originally  placed}^  but  th(^  aoffita  of  the  arrrhea  were  largely 
ibroken  away,  thus  leaving  hollow  spacet^  m  the  arches  visible 
from  the  ro<jmB  Uelow.  The  akcwbacks  and  girder  casings  were 
also  badly  broken  and,  in  p^eneral,  the  terra-cotta  work  through- 
Dut  the  builduig  had  to  be  replaced,  save  a  salvage  of  16 1  per 
eent.  A  considerable  portion  of  the  loss,  however,  was  due  to 
the  faUJng  of  a  water  tank,  iis  w  ill  be  explainetl  later.  The  eom- 
n  between  this  showing  of  hard  bumeil  temi-cotta  and 
rous  terra-cotta  used  in  the  OflSce  Building  is  worthy  of 
ial  note. 

Anotlier  inconsistent  feature  in  this  building  lay  in  the  use 
wooden  brackets  or  "lookouts"  for  the  support  of  the  copper 
tsomice.     Had  steel  brackets  boen  usetl,  backed  yp  by  brickwork, 
there  would  have  been  little  or  no  loss  to  this  portion  of  Uie  coa- 
st ruction.     As  it  was,  the  cornice  was  a  total  loss. 

H  was  the  open  well  or  vertical  hazard,  however,  in  allowing 
or  causing  a  strong  upward  rush  of  flame  and  intense  heatj 
coupled  with  the  inadequate  protection  of  the  roof  members, 
wliich  finally  was  the  cause  of  the  greater  part  of  the  structural 
damage.  This  resulted  from  the  falling  of  a  lai^e  pressure  tank, 
6  feet  in  diameter  and  25  feet  long,  weighing,  when  filled,  about 
52,000  pounds.     This  tank  w*as  supported  on  beams  w\\\c\i  NS^e^t^a 
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in  turn  supported  by  the  unprotected  roof  beams  and  attic 
columns,  and  it  so  happened  that  the  location  was  in  the  very 
place  where  the  most  severe  heat  was  to  be  expected  —  namely, 
over  the  vertical  flue  made  by  the  elevator  shaft. 

The  roof  framing  consisted  of  10-inch  beams,  but  without 
terra-cotta  arches.  Instead,  a  construction  was  used,  presum- 
ably cheaper,  consisting  of  hght  tees,  running  at  right  angles  to 
and  over  the  roof  beams,  between  which  tees  were  laid  2-inch 
hollow  book-tile  to  receive  the  asphalt  roof.  Below  the  roof 
was  a  suspended  ceiling  made  of  l§-inch  solid  terra-cotta  blocks, 
carried  on  light  tees,  12  inches  centers.  Judging  from  the  warped 
and  weakened  condition  of  these  tees  in  other  portions  of  the 
ceiling  it  seemed  evident  that  that  portion  of  the  ceiling  which 
was  adjacent  to  the  elevator  shaft,  and  hence  subjected  to  the 
greatest  heat,  gave  way  early  in  the  progress  of  the  fire,  thus 
exposing  the  roof  beams  and  columns  and  also  the  tank  supports. 
As  a  result  the  tank  crashed  down  through  all  stories  destroying 
in  its  fall  many  columns  and  girders,  and  large  areas  of  the  floor 
construction.  The  appraisers  estimated  that  not  over  5  per 
cent,  of  the  steel  work  would  have  been  damaged  had  it  not  been 
for  this  circumstance.  As  it  was,  the  total  loss  to  the  steel  work 
was  estimated  at  about  $18,530,  or  about  20  per  cent,  of  the  origi- 
nal cost  of  the  structural  steel. 

It  ought  to  be  needless  to  say  that  there  can  be  no  ultimate 
economy  in  such  disregard  of  thorough  fireproofing.  Like  every- 
thing else,  if  fireproofing  is  worth  doing  at  all,  it  is  worth  doing 
well,  and  the  leaving  exposed  of  such  roof  members  is  simply 
inviting  disaster  at  some  critical  time.  There  have  been  many 
instances  to  show  that  suspended  ceilings  of  the  ordinary  light 
construction  are  not  to  be  fully  relied  upon  as  efficient  fireproofing, 
hence  it  is  as  essential  properly  to  fireproof  attic  spaces  and  roofs 
as  any  other  portions  of  the  building.  In  fact,  even  more  essen- 
tial, on  account  of  their  liability  to  be  called  upon  to  endure  the 
most  intense  heat. 

The  Home  Office  Building  was  a  four-story  and  basement 
building,  94  by  136  feet  in  area,  built  in  1894.  The  first  and 
second  stories  were  used  for  store  purposes,  while  the  third  and 
fourth  floors  were  devoted  to  offices. 

The  principal  items  of  interest  in  this  structure  lay  in  the  terra- 
cotta floor  arches  and  the  partitions.  The  floor  arches,  ea- 
pecially,  form  a  decided  contrast,  both  in  form  and  material 
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those  used  in  the  Store  Bujkling,  so  that  this  simultaneous 
test  by  fire  fumiahea  an  interesting  and  valuable  comparison. 

The  floors  of  the  Office  Building  wtTo  Ijuilt  of  9-ineh  end-eon- 
stniction  porous  terra-cotta  blocks,  as  aliown  in  Fig.  32*  The 
thickness  of  the  tena-cotta  weba  was  about  J  inch,  so  tliat  these 
arches  were  of  a  comparatively  heavy  porous  tile>  of  the  then 
new  end-construction,  with  speciiil  akewbaek  blocks,  as  con- 
trasted with  a  somewhat  lighter,  hard^burncd  side-construction 
system  in  the  Store  Building.     Both  constructiona  were  of  the 
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Fio.  32,  ^FlfX)!  Arches  in  11a rno  Olfifc  Hiulding. 


^Bfiame  depth  and  each  presents  a  paneletl  ceiling  effect,  so  that 
any  differences  which  were  made  apparent  in  their  fibility  to 
withstand  fire  and  water  tests  must  be  found  either  in  the  type 

tof  construction  employe^l  or  in  the  material. 
Struct urai  Damage  and  Dcfarlji,  —  The  fire  damage  to  the 
floor  urchiit}  in  tlje  OIRec  Building  was  almost  wholly  confined 
to  the  skewback  blocks,  where  they  prt>tected  those  portions  of 
the  15-inch  beams  which  projected  below  the  soffit  lines  of  the 
arches  proper.  The  bottoms  of  tlie  fiat  arches  were  not  broken 
to  any  such  extent  us  was  the  case  in  the  Store  Building  —  in 
[fact J  most  of  the  ceilings  showed  a  perfect,  unbroken  soffiti  save 
Iconisiderable  voids  in  the  skewbucks,  along  the  lower  flanges  of 
I  the  supporting  beams. 

From  tlie  experience  gained  in  the  Baltimore  conflagration, 
Kt  is  evident  that  the  type  of  construction  is  not  the  reason  for 
Lany  decided  difference  in  fire-resisting  qualities.  In  the  FittiJ- 
iLargh  buildings,  the  end-construction  arches  showed  the  better 
Ireaults  by  far,  while,  in  the  Baltimore  fire,  one  example  of  end- 
const  met  mti  and  one  of  aide-construction  were  conspicuous  by 
libeir  excellent  showing.  The  fire-resisting  differences  must, 
■therefore,  be  fourid  in  oilier  directions. 
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The  only  other  difference  between  the  two  Pittsburgh  examples 
lay  in  the  materiiil  —  and  here  la  to  be  found  one  great  cause 
for  variations  in  fire-resiBtance.  The  Store  Building  !iad  floor 
archea  of  kard-hurned  material,  about  |-inch  think  webs,  and 
the  re^sults  were  poor.  The  arch  material  used  in  the  Office 
Building  w!us  porous  with  webs  al>out  |  inch  thick,  and  the 
results  were  grKKb  And  upon  inve.stigating  the  material  em- 
ployed in  the  various  terra-cottji  floors  in  the  Baltimore  build- 
ings (wee  Chapter  XVII),  it  will  lje  found  that  the  excellence  of 
the  rei?iults  is  very  largely  a  matter  of  hard  burned  ij«.  porous 
matiirial,  the  notably  good  examples  bemg  all  of  the  latter 
variety. 

Another  serious  fitnietural  defect  in  the  Plorne  Office  Building 
was  the  partition  construction.  In  order  to  provide  a  nailing 
strip  for  the  attachment  of  the  wooden  base  boards,  the  terra- 
cotta block  partitions  were  built  ujxin  a  wood  nailing  strip,  the 
destruction  of  which  allowed  man^^  of  the  partitions  to  falL 
Such  a  mLrstake  was  entirely  unnecessary,  aa  porous  material  will 
take  naild  almost  as  well  sifl  wood.  As  a  natural  consequeneci  all 
partitions  had  to  be  rebuilt,  but  the  material  was  practically 
as  good  i\^  when  originally  installwl. 

The  Methodist  Building  was  an  eight-story  oflfice  building 
with  floor  arches  of  the  Metrop<jlitan  system,  composed  of 
Portland  cement  and  funiace-slag  concreie.  Tliese  floors  were 
not  subjected  to  any  real  fire  test,  as  there  was  no  room  in  which 
the  wCKwlwork  was  entirely  consumed,  showing  that  this  building 
did  not  receive  the  severe  heat  and  conBcquent  test  of  the  other 
two. 

Vanderbllt  Building  Fire.  —  The  fire  which  occurred  in 
the  fifteen-story  skeleton  construction  Vanderbilt  Building  in 
New  York  City  on  February  11^  1898^  was  one  of  the  first  serious 
fires  in  a  modem  high  Inuhling  to  whow  the  imperative  need  of 
precautionary  or  protective  adjuncts  necessary  to  insure  the 
proper  efficiency  of  a  framework  of  incombustible  construction. 
The  critics  of  the  science  of  fire- resistance  during  past  yeara 
have  particularly  emphasized  the  neces.sity  of  incombustible  or 
fire-resisting  construction^  and,  as  the  waiter  has  pointed  out 
elsewhere^  public  opinion  was  gradually  led  to  expect  Uttle  short 
of  absolute  perfection,  or  immunity  from  all  fire  loss,  provided 
only  the  structure  were  pronounced  of  "fireproof  construction." 
T^he  building  of  a  steel  frame,  surrounded  by  brick  walls  and  pro- 


FIBES  IN   FIRE-RBSISTINO   BDILDING8 


143 


by  terra-cotta  flcwra  and  tiolumn  coverings,  was,  popu^ 
irly,  at  least,  looked  upon  as  the  consummation  devoutly  to 
be  wished  for  in  building  construction,  while  protective  or  pre- 
cautionary measures  to  aid  tbe  firo-resisting  materials  in  endur- 
ing any  reasonable  test  put  upon  them,  were,  if  considered  at 
all^  generally  looked  upon  aa  superfluous  and  an  unnecessary 
expe-nse.  The  fire  in  the  Vanderbilt  Building  ser\''ed  to  make 
plain  the  necessity  for  certain  proteclive  features,  applicable  to 
all  lire-reaisting  buildings^  while  the  still  more  serious  fire  in  the 
Home  Life  Insurance  Building  in  New  York,  later  in  the  same 
year,  called  particular  attention  to  such  needs  in  very  high 
buildings. 

The  damage  to  the  Vanderbilt  Building  was  caused  through 
the  burning  of  the  Xassau  Chambers^  an  adjoining  seven-story  ' 
non-fi re-resisting  building.  It  was,  therefore,  an  exposure  fire, 
as  one  wing  of  the  latter  building  wua  only  40  feet  away  from 
one  wall  of  the  Vanderbilt  Building,  wliich  had  nine  windows  on 
each  floor  facing  the  fire.  All  of  these  windows  were  provided 
with  iron  shutters,  but  as  none  of  Ihem  u>aH  dosed,  the  flamee;  | 
from  the  burning  building  naturally  broke  in  the  windows,  and 
the  adjacent  offices  were  soon  gutted.  The  damage  was  confined 
to  the  wtKjdworkj  phisteringj  and  to  the  combustible  contents 
of  the  offices,  ii8  the  structure  Wiii*  of  incombustible  construc- 
tion. And  with  this,  the  owners  evidently  rested  content, 
taking  little  apparent  account  of  the  internal  and  external  dan- 
gers constantly  threatening  most  of  our  buildings,  of  however 
cofistruction.  In  large  cities  especially,  even  the  best  of 
liildings  are  often  surroundeil  by  fire  risks  of  the  worst  possible 
e,  and  these  hazardous  elements  demand  more  precaution  than 
ere  incomba^tible  construction, 

[The  windo^v's  looking  out  upon  the  exposure  created  by  the 

%n  Chambers  non-fi re-re.sisting  building  were,  it  m  true, 

ovided  with  fire-resisting  shutters,  but  as  they  were;  not  closed 

',  the  time  of  the  fire  and  possibly  not  since  the  completion  of 

building,  they  might  as  well  never  have  existed.     The  fact 

t^^uch  abutters  were  in  place,  but  unclosed,  was  a  matter  of 

Qess  only,  and  more  open  to  criticism  than  their  entire 

would  have  been. 

But  this  was  not  the  only  instance  of  a  short-sighted  policy 

b  regard  to  adequate  fire  protection  in  the  Vanderbilt  Building. 

Wlien  the  fire  ilepnrtment  attempted  to  cope  with  the  ^i<i  ^u- 
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vcloping  the  upper  floors  it  was  discovered  tliatHhe  building 
wiia  provided  witli  neither  standpipea  nor  hose-reel??,  and  the 
firemen  were,  thiTcforf^,  ohligetJ  to  connect  their  hase  to  street 
hydrant.H^  and  face  the  ta.sk  of  carrying  continuous  hues  of  hose 
up  fonrtc<!n  flipflits  of  a  narrow  and  crooked  stairway.  This 
feat  would  be  a  difficult  ta.sk  at  any  time,  under  even  the  best 
conditions;  but  with  a  smoke-filled  and  poorly  arranged  stair 
well  the  task  became  Tivell-nigh  impossible,  and  in  several  cases 
the  firemen  were  overcome  by  smoke  and  by  exhaustion. 

Fortunately,  great  in^provements  have?  betm  made  during  the 
last  few  years  in  the  matter  of  providing  adequate  standpipes 
with  hosc-reela  at  ench  and  every  floor,  but,  i\s  in  the  matter 
of  the  unclosed  stiu tiers  on  the  Vautlerbilt  Building,  even  these 
most  necessary  adjuncts  are  very  apt  to  be  carelessly  installed 
and  improperly  maintainedj  as  is  pointed  out  in  detail  in 
Chapter  XXXIV. 

The  lessons  to  be  learned  from  this  fire  are,  briefly  —  that 
incombustible  construction  should  be  supplemented  b3'  adequate 
protection  against  external  exposure,  by  properly  designed 
BtairwayH,  and  by  hose  connections  at  each  and  every  floor, 
capable  of  iuj^tant  operation  at  any  moment.  Without  these 
adjuncts,  "the  tall  office  building,  with  all  its  incombustible 
qualities,  is  clearly  a  worse  8tructtire  in  which  to  fight  fire  than 
an  old-fashioned  wooden  floor  building  only  four  or  five  stories 
high.'^ 

Home  Life  Iiisuraiice  Building;  Fire,  —  The  fire  which 
occurred  in  this  building  in  1898  has  been  of  especial  interest  and 
value  to  those  interested  in  fire-resisting  methods,  and,  with 
the  possible  exception  of  the  Chicago  Athletic  Club  Building  in 
Chicago,  and  in  the  Home  BLiildingH  in  Pittsburgh,  this  tcflt  of 
modern  methods  hat*  probaldy  been  more  frequently  quoted  in 
the  annals  of  fire-resisting  construction  than  many  fires  of 
greater  financial  loas  but  of  less  scientific  interest.  In  fact, 
this  fire  undoubtedly  constitutefl  the  most  heroic  test  of  fire- 
resisting  metliods  as  applicii  to  the  modern  ** skyscraper'*  which 
had  transpired  up  to  the  date  of  its  occurrence,  and  while  the 
Patcrson,  Baltimore,  and  San  Francisco  conflagrations  have 
sensed  to  lessen  the  seeming  importance  of  all  previous  experi- 
ences, still,  no  fire  confined  to  a  single  fire-resisting  building  haa 
been  productive  of  so  much  discussion,  or  of  such  value  in  its 
effects  upon  later  fire-resisting  deaigu. 


The  Buildifigs.—On  the  night  of  December  4,   ISO;^,  while 

I  the  severe^it  norlhoiist  gale  of  the  year  was  raging,  a  bad  fire 
•broke  out  in  the  five-story  building  occupied  by  Rogers,  Peet 
&  Co.»  aj9  a  clothing  store,  at  the  soutliwest  corner  of  Broad- 
way and  Warreti  street,  New  York  City.  This  was  a  budding 
of  old-fajshioned  wwjden  floor-ltearn  eonstruetian  filled  with 
^ombuHtihles,  while  adjoining  it  on  the  south  was  the  modem 
Ctecl-franie  budding  of  the  lloine  Life  Inisu ranee  Company, 
erected  in  1893.  This  latter  l)uddtng  had  a  frontage  of  63  feet 
on  Broadway^  by  a  depth  of  about  lt)4  fcH't  to  the  west*  It  was 
fifteen  full  stories  in  height  with  a  partial  sixteenth  story  on 
^kthe  roof  at  the  base  of  a  pyramidal  tower  which  roaehed  to  a 
^height  of  2tM)  feet  above  the  curb.  The  front  wall  was  of  white 
marble,  self-supportinjr,  while  all  other  exterior  walla  were  car- 
ried on  the  steel  frame  which  consisted  of  plate  and  angle  col- 
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Fig.  33.  —  Floor  Conatruction  in  Home  Lift;  Insurance  Company's  BuUdmg; 

unins,   plate  girders  rnnning  transversely  aer^ifis  the  building^ 

kand  floor  beams,  spaced  about  f^jur  feet  six  inches  centers,  at- 
taehefi  to  the  girders  and  also  resting  upon  .shelf  angles.  The 
fioor  arches  were  llVinch  hard  tile,  side-construction.  The  lower 
fiauges  of  the  girders,  where  they  projected  through  the  ceil- 
ings, w^ere  protected  by  means  of  terra-cotta  blocks  ressting 
on  the  Ranges,  and  by  a  wrapping  of  expanded  metal  lath  and 
plaster  around  the  bwer  surface  (see  Fig.  M),  The  column 
coveringg  consisted  of  2-ineh  porous  terra-cotta  blocks,  and  the 
partitions  were  of  4-inch  porous  tile,  the  ut>per  four  feet  in  the 
corridor  partitions  being  filled  in  with  wood  sadh  and  glass  for 
the  transmission  of  liglit.  In  shorty  the  building  was  passably 
»eli  designed  against  interna!  hazard;  it  was  provided  with 
jBtaod pipes  and  hose-reels,  and,  had  the  fire  originated  from 
rithiDr  there  can  be  little  doubt  that  it  could  have  been  confined 
the  floor  or  even  to  the  apartment  in  which  it  occiiTT^d. 
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The  external  or  exposure  hazard,  however,  was  seemingly 
given  less  consideration,  and,  as  both  the  cause  and  the  magni- 
tude of  the  disaster  were  due  to  external  sources,  the  loss  was 
principally  attributable  to  this  neglect. 

Back  of  the  three  passenger  elevators,  which  were  located  at 
about  the  center  of  the  building,  was  an  external  light  court 
about  20  by  24  feet  in  size,  indenting  the  north  wall  adjacent 
to  the  Rogers,  Peet  Building.*  This  court  was  faced  with  white 
enameled  brick.  There  were  two  windows  at  each  floor,  back 
of  the  elevator  shafts,  and  four  windows,  with  narrow  muUions 
between,  on  each  side  of  the  court  at  every  floor.  In  addition 
to  these  court  windows,  there  were  two  windows  in  oflSces  in 
each  of  the  upper  stories  overlooking  the  roof  of  the  Rogers, 
Peet  Building.  None  of  these  openings  were  provided  with 
shutters  or  fire-resisting  windows  of  any  description. 

The  Fire.  —  For  some  time  after  the  outbreak  of  the  fire,  the 
adjacent  buildings  were  protected  by  the  strenuous  efforts  of 
the  firemen,  and  although  the  flames,  escaping  through  the 
windows  and  roof,  were  blown  directly  against  the  north  walls 
of  the  Home  Building,  still  the  latter  structure  did  not  take  fire 
for  almost  an  hour.  The  firemen  entered  the  Home  Building 
and  with  the  standpipes  at  hand  and  streams  from  fire  engines 
succeeded  in  localizing  the  fire  until  the  roof  of  the  comer  build- 
ing fell  in.  This  caused  a  great  volume  of  flame  to  be  blown 
against  the  north  walls  of  the  Home  Building  and,  drawn  to 
the  open  court  as  to  a  great  chimney,  it  was  not  long  before 
the  glass  in  the  windows  of  the  upper  floors  gave  way  and  fire 
was  quickly  communicated  to  the  interior.  Up  to  the  eighth 
story  the  firemen  were  able  to  work  successfully,  while  above 
that  level  the  pressure  and  volume  of  water  obtainable  with 
their  fire  apparatus  was  insufficient  and  the  intense  heat  drove 
them  from  vantage  grounds  in  the  corridors,  thus  preventing 
the  use  of  streams  from  the  building's  standpipes. 

Structural  Damage.  —  The  greatest  fire  damage  done  was 
from  the  eleventh  floor  up,  being  greatest  in  those  rooms  adjacent 
to  the  court.  From  the  eleventh  floor  down  the  damage  gradu- 
ally decreased,  until  at  the  seventh  floor  it  was  principally  due 
to  smoke  and  water. 

The  principal  structural  injury  to  the  building  consisted  of 

*  For  floor  plan  see  Fig.  18  in    the  author's  *'The  Fireproofing  of   Steel 
Buildinga, " 
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the  damage  done  to  the  marble  front.  Portions  of  the  cornice 
and  balcony  and  other  omamontul  marble  work  in  the  upper 
stories  fell  to  tlic  street,  and  other  par1.s  were  m  unsafe  as  to 
require  extensive  shoring.  This  front  was  later  relnn'lt  above 
the  eighth  floor.  The  side  and  court  walls  stood  the  test  re- 
markably well,  and  the  terra-cotta  arches,  witli  stjme  exceptions, 
required  little  repair;  but  lui  the  exceptions  were;  directly  due 
to  grave  mistakes  in  the  floor  dej^ign,  a  i4t)0jewhat  more  detailed 
description  of  tlii.H  portion  of  the  construction  is  worthy  of 
consideration  as  ilhLstratiug  a  lesson. 

In  accordance  with  conditions  imposed  by  the  steel  framing, 
9-ineli  floor  beams  were  used  in  the  front  portion  of  the  building 
and  12-inch  beams  in  the  roar  p<jrtioi^,  but  instead  of  nosing  diiler- 
cut  depth  terra-cotta  art^hf^,  as  most  eeilaiuly  should  have 
been  done,  ICkineh  side^'onniruction  arches  were  used  for  all 
cases.  Also  the  wooden  fioorSj  consisting  of  two  thicknesses 
of  l-ineh  flooring,  were  fastened  to  3-  by  4-inch  sleepers  (spaeed 
every  1(>  inches),  which  were  laid  on  top  of  the  beams.  This 
left  open  spaces  of  about  four  inches  and  seven  inches  in  the 
front  and  rear  portions  of  the  building,  respectively,  between 
the  tops  of  tlie  ten u-eotta  arches  and  the  underside  of  the  floor- 
ing, BS  shown  in  Fig.  33,  and  although  the.-ie  voids  were  supposed 
to  be  divided  at  intervals  by  concrete  slops,  this  construction 
still  left  the  top  flanges  of  the  beams  and  girders  exposed,  when 
the  woodwork  wjis  cf^isumed.  Over  a  large  part  of  the  building 
above  the  seventh  floor  the  flooring  and  sleepers  were  consumed, 
the  combustion  doubtless  being  greatly  aided  by  these  air  spaces; 
ELtid  that  miieh  more  serious  damage  did  not  result  can  only  be 
attributed  to  the  limited  heiglit  of  the  exprKsed  metal.  "  As  before 
etated,  the  general  condition  of  the  terra-cotta  arches  themselves 
was  satisfactory,  but  the  voids  over  the  arches  were  directly 
responsible  for  several  failures,  the  principal  of  which  occurred 
on  the  tenth  anil  fifteenth  fltmrs.  In  the  former  ease,  the  failure 
of  the  arch  which  fell  was  due  to  the  breaking  through  of  a  safe, 
doubtless  caused  by  the  burning  of  the  wooden  flooring,  thus 
allowing  the  safe  to  fall  a  height  of  several  inches  through  the 
air  space  and  upon  the  terra-cotta  arch,  shattering  it  exactly  aa 
occurred  in  the  Equitable  Building  in  the  Baltimore  fire»  Had 
these  free  spaces  been  filkni  with  a  good  quality  of  concrete,  this 
wovdd  have  prevented  the  falling  of  safes,  and  protected  the  top 
flatigfMa  of  the  steel  iloor  members. 
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Just  how  much  damage  was  done  to  the  partitions  by  fire  and 
water,  or  what  injury  was  done  by  the  firemen  who  knocked 
many  of  them  down  to  get  at  the  flames,  it  would  be  hard  to 
say.  The  burning  of  the  wooden  doors  and  windows  in  the 
partitions  and  their  casings  was  probably  responsible  for  much 
damage;  and  the  common  plan  of  locating  such  partitions  to 
suit  tenants,  placing  them  indiscriminately  over  the  wooden 
floors  after  the  completion  of  the  building  with  insecure  attach- 
ment to  floor  and  ceihng,  adds  instability  (upon  burning  away 
of  floor  boards)  to  what  must  be  admitted  as  being  one  of  the 
weakest  features  of  fire-resisting  methods  —  namely,  block  par- 
titions in  general.  In  the  twelfth  story  some  partitions  made 
of  plaster  on  a  framework  of  small  angle-studs  covered  with 
expanded  metal — the  total  thickness  being  2  inches — remained 
in  position,  though  they  were  badly  distorted.  Their  insuffi- 
ciency was  amply  demonstrated,  and  had  the  force  of  fire  hose 
been  added  to  the  heat,  the  result  would  undoubtedly  have  been 
still  worse. 

Home  Store  Building:  Second  Fire.  —  By  a  singular 
fatahty,  the  Home  Store  Building  in  Pittsburgh,  which  was 
damaged  by  fire  in  May,  1897  (a  description  of  which  has  already 
been  given) ,  was  seriously  damaged  by  a  second  fire  on  April  9, 
1900;  and  as  two  of  the  vital  defects  in  the  design  and  con- 
struction of  the  original  building  were  retained  in  the  remodeled 
structure,  it  is  not  strange  to  find  that  these  same  features 
largely  contributed  to  the  extensive  loss  which  resulted  from  the 
second  fire. 

It  will  be  remembered  that  the  principal  constructive  features, 
which  were  open  to  condenmation  from  a  fire-resisting  stand- 
point in  the  original  design,  were  the  presence  of  unprotected 
vertical  openings  in  the  form  of  stairways,  elevator  wells,  and  a 
large  interior  light  well  extending  through  all  stories;  and  the 
unprotected  character  of  the  roof  beams  and  columns.  The 
building  was  reconstructed  after  the  first  fire,  and,  as  the  open 
interior  light  well  is  a  feature  apparently  insisted  upon  by  the 
owners  of  department  or  large  retail  stores  the  world  over, 
possibly  it  was  too  much  to  expect  that  this  attractive  means  of 
lighting  all  floors  and  adding  a  seeming  extensiveness  to  the 
structure  should  have  been  abandoned  and  closed  up,  in  spite 
of  the  fact  that  its  presence  in  the  first  fire  contributed  largely 
to  the  extent  of  the  loss  sustained.    But  that  the  great  error  of 
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having  the  roof  coDKtniction  unprotectptl  should  have  been 
repeated  in  view  of  the  tremendous  drtmagej  wliinh  was  prc^ 
vioualy  due  to  this  very  cause  through  the  fallirig  of  the  water 
tank  after  the  collapse  of  the  roof  beams  and  colunuis,  seems 
well-nigh  incredible.  Yet  this  was  the  case,  and  the  first  col- 
lapse of  the  roof  wa^  duplicated  in  the  second  fire,  but  without 
the  added  element  of  the  roof  tank. 

The  second  fire  ia  supposed  to  have  originated  on  the  fifth 
floor,  and  the  reaulta  ineludeil  the  general  burning  out  of  every- 
thing combustible  on  the  fourth,  fifth,  and  i:?ixth  floi>r8.  When 
about  under  control  in  these  upper  stories,  it  was  found  that  the 
fire  had  worked  down  into  the  basement,  presumably,  by  means 
of  a  vortical  shaft  or  dumb  waiter.  The  first  etory  was  also 
burned  in  part,  due  to  blazing  embers  falling  within  the  light 
well.  The  second  and  third  stories  suffered  damage  mainly 
through  smoke  and  water. 

The  condition  of  the  terra-cotta  fireproofing  (of  fjoroua  variety) 
was  most  satisfactory.  The  roof  damage  \vi\s  far  more  serious. 
As  in  the  first  construction,  the  roof  was  mtide  of  tee  irons,  rest- 
ing upon  the  roof  beamsj  and  carrying  IT-ineh  **book"  tiles  of 
terra-cotta  3  inches  thick.  All  of  this  metal  w^ork  was  iinpro- 
tectedj  save  by  a  false  ceiling  several  feet  below^  the  roof.  Thi.s 
virtually  made  an  attic  space.  The  suspended  ceiling  was  made 
of  expanded  metal  and  plaster,  applied  on  IJ-inch  angle  irons 
hung  from  the  roof  beams.  This  ceiling  quickly  '^ wilted" 
frora  the  intense  heat  of  the  fire  raging  in  the  sixth  story,  thus 
allowing  the  heat  to  reach  the  roof  beams  and  the  upper  portions 
of  the  to|>-story  columns.  The  result  was  the  utter  collapse  of 
about  one-lialf  of  the  roof  constructioru  It  wa.s  greatly  to  the 
credit  of  the  terra-cotta  arches  in  the  sixth  floor  that  they 
successfully  withstood  the  precipitation  of  this  great  weight  of 
debris  upon  them. 

This  fire  shows  that  it  is  possible  to  erect  a  building  which 
can  be  pretty  well  gutted  by  fiames  and  yet  suffer  comparatively 
little  itself.  It  demonstrates  that  fireproofir^g  has  reached  a 
stage  justifying  reliance  upon  its  efficacy,  and  warranting  the 
behef  that  in  such  an  ordinarily  severe  fire  as  thut  described, 
the  loss  is  to  be  attributed  to  the  desigri  of  the  building,  for  which 
the  owners  are  undoubtedly  responsible,  and  not  to  defective 
fire-resiating  construction,* 

*  8D&  The  Engintenne  Record,  April  H,  IMQ. 
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TPhe  Paterson  (N.  J.)  Conflagration.  —  The  importance  of 
this  test  of  fire-resisting  buildings  which  were  practically  sur- 
rounded by  the  very  worst  character  of  combustible  structures, 
has,  of  course,  been  largely  dimmed  through  the  magnitude  of 
the  more  recent,  more  extensive,  and  more  conclusive  disasters 
at  Baltimore  and  San  Francisco  Nevertheless,  certain  con- 
spicuous facts  stand  out  in  the  Paterson  fire,  not  only  of  great 
value  in  themselves,  but  of  added  value  now  in  confirming  or 
disproving  certain  deductions  which  have  been  drawn  from  the 
Baltimore  and  San  Francisco  experiences. 

The  Paterson  conflagration  occurred  on  February  8,  1902, 
starting  in  the  car  sheds  and  repair  shops  of  the  Paterson  Rail- 
way Company  at  midnight,  while  the  wind  was  blowing  sixty 
miles  an  hour.  The  fire  raged  for  nearly  twenty-four  hours, 
destroying  approximately  ten  city  blocks  in  the  heart  of  the 
business  area,  besides  an  area  almost  as  large  within  the  resi- 
dential district,  where  the  conflagration  was  communicated  by 
means  of  flying  sparks  and  embers  nearly  a  half-mile  distant 
from  the  first  fire.     The  total  loss  was  estimated  at  $5,800,000. 

The  general  construction  of  the  burned  mercantile  district 
was  of  the  dangerous,  non-fire-resisting  character,  consisting 
mainly  of  old  brick  buildings  with  frame  structures  scattered 
between,  and  here  and  there  an  isolated  structure  of  approved 
fire-resisting  design.  The  city  building  laws  had  long  been  a 
dead  letter,  and  it  was  no  difficult  matter  to  secure  permission 
to  erect  almost  any  kind  of  building  at  almost  any  location. 
The  effect  which  one  adequate  fire-resisting  structure  may 
have  in  preventing  the  spread  of  a  conflagration  beyond,  was 
well  shown  in  the  Paterson  Savings  Institution  Building.  This 
was  a  five-story  and  basement  building  at  the  corner  of  Main 
and  Market  streets,  and  the  spread  of  the  conflagration  to  the 
south  and  west  was  completely  checked  by  the  fire  resistance 
offered  by  this  structure.  The  principal  resistance  to  the  prog- 
ress of  the  fire  lay  in  the  blank  brick  walls  on  the  conflagration 
side,  but  the  fire-resisting  floors  made  of  the  Guastavino  system 
also  served  to  protect  the  interior,  and  hence  to  save  the  building 
from  utter  ruin.  As  it  was,  the  contents  of  the  upper  two 
stories  were  entirely  consumed,  but  structurally  the  building 
was  without  serious  damage  —  a  splendid  tribute  to  fire-re- 
sisting construction. 

Citi/  Hall  Building.  —  The   most   interesting   test   afforded 
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by  this  fire  was  the  beautiful  new  City  Hull  Building.      Thia 

Wiis  of  four  fltorioa  and  tower,  al>otit  75  feet  by  150  feet  in  area, 

with  Indiana  limeatone  fagades  and  floors  of  terra-cotta  arches. 

^f  Three  sides  of  thia  structure  were  exposeil  to  the  conflagration 

H|  at  distances  ranging  from  60  feet  to  150  feet.     Across  one  60- 

*  foot  street  was  an  entire  block  made  up  of  combuatible  store 

buddings  which  were  all  <m  fire  at  one  and  the  same  time,  the 

L  nearest  and  also  the  most  d anger oua  of  which  was  the  Romaino 

lOfUce  Building.     A  soli<l  mass  of  flame  from  thin  structure  was 

Iblown  against  the  west  wall  of  the  City  Hall,  while  the  north 

I  and  south  sides  were  also  subjected  to  extreme  heat.     The  result 

I  Included  the  entire  destntction   of  the  combustible  contents, 

[including  all  of  the  wood  trim,  the  furni.shings,  and  the  city 

[records  —  except  in  one  room  where,  strange  to  say,  even  the 

[carpets  and  furniture  were  untouched.      The  atone  ashhxr  was 

1  largely  dLsintegrated,  especially  at  comers  and  window  soffits, 

but  the  floor  arches  remained  intact  and  tlie  integrity  of  the 

tower  waa  unimpaired. 

But  the  principal  interest  in  the  tt^t  of  thia  building  seems  to 
,  lie  not  in  the  structural  damage  done  to  the  City  Hall  itself, 
\vL&  the  result  only  furniehea  another  example  of  the  fact  tliat  bad 
^  losses  must  be  expected  in  even  the  best  of  fire-resisting  build- 
ings which  are  exposed  thnjugh  unprotected  openings,  —  and 
'  not  in  the  damage  done  tlie  limestone  ashlar,  a^j  this  was  a 
I  result  most  certainly  to  be  expected,  —  but  rather  in  the  fact, 
as  in  the  case  of  the  Pateraon  Savings  Institution  Building,  that 
a  fjn>resisting  building  may  be  completely  gutted  in  itself,  and 
still  afford  effective  protection  to  structures  beyond.     Speaking 
on  this  jjoint,  tlie  report  on  tins  fire  issued  by  the  Continental 
Fire   Insurance  Company  states  jxs  follows:    **Thc  City  Hall, 
which  was  sun*oundi^l  on  all  sides  by  unprotected  openings, 
abo  affords  a  good  example  of  the  fact  that  a  fireproof  building 
is  not  an  exjKisure  to  another  fireproof  building,  under  ordinary 
'  ooaditiona,  and  in  this  case  it  acted  asis  a  break  and  prevented 
I  any  damiige  of  importance  teing  done  to  the  fireproof  Second 
National  Bank  Building,  only  50  feet  distant."     It  is  intei-est- 
i  tag  to  note  that  thia  deduction  was  verified  in  the  i^altimore 
conflagration  through  the  manner  in   which   the   fire-resisting 
[character  of  the  Baltimore  "Herald^"  Calvert,  and  Equitable 
Buildings  undoubtedly  save<l  the  magnificent  Court  House,  which 
I  would  surely  have  been  destroyed  (and  beyond  that  uo  oi\fe  Vittsx 
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even  estimate  how  many  more  blocks)  had  these  three  build- 
ings in  the  path  of  the  flames  been  of  a  combustible  and  hence 
collapsible  character. 

Lessons  of  Fire.  —  The  before-mentioned  report  on  this  fire 
issued  by  the  Continental  Fire  Insurance  Company,  deduces 
the  following  conclusions: 

First:  The  efficiency  of  a  fire-resisting  building  as  a  fire  stop, 
even  though  its  interior  may  be  gutted  on  account  of  absence 
of  fire  shutters. 

Second:  The  efficiency  of  blank  walls  as  fire  stops,  as  com- 
pared with  the  ordinary  street. 

Third:  The  extreme  danger  of  a  conflagration  when  a  num- 
ber of  buildings  are  exposed  by  a  paralleling  risk  in  the  rear, 
which  is  likely  to  start  fires  simultaneously  in  all. 

Fourth:  The  danger  of  several  fires  in  different  parts  of  a 
city  at  once  from  flying  embers  falling  on  wooden  roofs. 

Fifth:  The  necessity  of  efficient  assistants  to  take  the  place 
of  the  chief  of  the  fire  department  in  case  of  his  disability. 

Roosevelt  BuUding  Fire.  —  The  fatal  fire  which  occurred 
in  this  building  in  New  York  City,  February  26,  1903,  empha- 
sized two  lessons  which  will  bear  repeating,  and  called  particular 
attention  to  a  common  defect  in  stair  construction  which  resulted 
in  a  change  of  building  laws  on  this  subject  in  New  York  and 
elsewhere. 

This  was  an  eight-story  building,  erected  in  1893,  and  supposed 
to  be  thoroughly  fire-resisting,  but  the  destruction  by  fire  of  the 
upper  stories  developed  the  fact  that  unprotected  cast-iron 
columns,  in  combination  with  steel  floor  beams  and  segmental 
terra-cotta  arches,  had  been  considered  efficient  construction, 
else  why  should  the  expense  of  fire-resisting  floor  arches  have 
been  justified,  if  unprotected  cast-iron  columns  had  not  been 
considered  equally  fire-resisting?  «Of  eighteen  7-inch  columns 
supporting  the  roof,  three  only  remained  in  perfect  condition. 
The  others  were  either  broken  or  warped. 

Another  important  lesson  was  taught  by  this  fire  through  the 
enormous  damage  done  by  water  to  the  clothing  stock  in  the 
lower  stories  of  the  building.  This  point  is  generally  over- 
looked by  both  owners  and  architects,  but  in  buildings  contain- 
ing large  or  valuable  stocks  or  merchandise,  the  ordinary  detail 
of  wood  floor  upon  some  form  of  fire-resisting  floor  arch  is  not 
capable  of  properly  protecting  the  stories  which  may  be  located 


FIRES   IN   FIRE-RESISTING   BUILDINGS  153 

below  the  seat  of  the  fire.  Waterproofing  below  wood  floors, 
or  some  type  of  fire-resisting  and  waterproof  flooring  such  as 
terrazzo,  monohth,  or  cement,  laid  to  pitch  toward  scuppers  in 
the  outside  walls,  would  entirely  obviate  this  possible  cause  of 
often  great  financial  loss. 

The  most  regrettable  feature  of  this  fire  lay  in  the  death  of 
one  of  the  Fire  Department  captains,  who  stepped  through  a 
marble  stair  platform  which  he  doubtless  considered  firm  and 
safe,  but  which  had  been  cracked  or  completely  broken  either 
by  the  disintegrating  effects  of  the  heat  or  by  the  precipitation 
upon  it  of  debris  from  above.  The  platforms  of  successive  stories 
below  also  failed  under  his  fall.  Had  this  building  been  erected 
since  the  enforcement  of  the  present  Greater  New  York  building 
law,  this  could  not  have  occurred,  as  sub-treads  of  iron  are  now 
required  under  all  slate  or  marble  stair  treads  and  platforms. 
The  wisdom  of  this  requirement  was  also  well  attested  in  the 
various  experiences  gained  at  Baltimore,  where  slate  and  marble 
stair  treads,  and  especially  larger  platforms,  were  everywhere 
found  to  be  dangerously  cracked,  if  not  gone  altogether. 

Fire-resisting  stair  construction  is  considered  in  detail  in 
Chapter  XV. 

Iroquois  Theater  Fire.  —  It  seems  rather  a  paradox  to  say 
that  the  greatest  loss  of  life  which  lias  ever  been  recorded  in 
a  theater  in  the  United  States  occurred  in  a  theater  building 
which  was  ** fire-resisting'^  according  to  the  interpretation  of  a 
fairly  satisfactory  code  of  building  laws.  Indeed,  the  Iroquois 
Theater  fire  was  not  only  memorable  from  the  great  loss  of  life 
involved,  but  also  in  that  it  was  the  first  serious  fire  which  has 
broken  out  in  a  theater  (during  a  performance)  since  the  intro- 
duction of  scientific  fire-resisting  methods. 

This  disaster  serves  as  another  lamentable  but  striking  ex- 
ample of  the  truth  that  ''fire-protected"  and  "fire-resisting" 
construction  are  by  no  means  synonymous,  but  that  many 
fire-protective  devices  and  appliances  are  absolutely  necessary 
to  insure  the  integrity  of  a  fire-resisting  construction,  or  to 
insure  the  safety  of  those  who  rely  on  such  construction  for  the 
safety  of  their  lives. 

The  Iroquois  Theater  Building  in  Chicago  had  been  opened 
to  the  public  but  a  few  days,  when,  during  a  matinee  spectacular 
performance  on  December  30,  1903,  the  fire  occurred  which 
resulted  in  the  loss  of  566  Uves,  mostly  women  and  c\i\\dx^\i. 


gallery,  40  in  the  boxes,  besidea  about  200  people  standing  in 
open  spaces,  and  even  sitting  on  the  eteps  of  the  aisles  in  the^™ 
very  steep  gallery.  ^M 

The  Fire  m  said  io  have  started  on  the  stage  from  the  oon- 
l^ct  of  a  border  scene  or  a  hanging  drapery  with  an  electric  arc 
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I  light;  hut,  whatever  the  cauee,  the  rush  of  flames  emoke,  and 
was  both  very  sudden  and  deadly,  even  while  doing 
little  structural  damage  to  the  auditorium,  as  m  evideneefl 
by  the  fact  that  drapf^ries  in  one  of  the  boxes  were  priicticaUy 
unharmed,  while  the  upholstering  of  the  parquet  seats  was 
only  corLSumed  in  the  first  eight  rowa  from  the  stage.  In  less 
than  thirty  minutes  the  fire  had  been  extinguished,  but  the 
faults  of  omission  and  commission  had  been  so  many  and  so 
glaring  that  it  eeeme  well-nigh  impossible  that  any  amusement 
place,  where  so  many  people  are  provided  for,  could  liave  been 
opened  to  the  pubhc  in  such  a  condition.  The  result  con- 
stituted the  saddest  and  the  moiit  forcible  demonstration  we 

I  have  yet  had  save,  pot^Hibly,  the  Asch  Building  fiie,  of  the 
folly  of  relying  upon  fire-re^sisting  construction  per  se  for  safety 

'  of  human  life.     It  demonstrated  that  construction  bear8  little 

I  relation  to  the  possible  loss  of  hfe,  unless  the  construction  is 
supplemented  by  fire-preventive  design  and  precautions,  and 
by  fire^protective  appliances  and  devices.  This  is  not  t-o  say 
that  the  construction  should  Im  anything  but  the  most  ap- 
proved  fire-resisting   type,  but  that,  in  this  ela^a  of  building 

\  more  than  in  any  other,  safeguards  of  proper  design  and 
equipment  must  supplement  to  the  fullest  degree  even  the  beat 
construction. 

HcLzards  and  Defects.  —  The  greatest  fire  dangers  in  such 
buildings  as  theaters,  schools,  and  chtirches,  consist  in  panic, 
suffocation  from  smoke  and  gascj:?,  and  being  cnished  or  trampled 

*iiO  death  at  improper  exits.  All  of  these  things  happened  in 
tlie  Irot^uois  Theater,  and  all  were  aided  and  abetted  by  the 
conditions  which  existed* 

First,  as  to  panic.      People  were  standing  or  sitting  in  the 

I  various  aislejs  in  great  numbers;  there  was  no  wide  aisle  back 
of  the  parquet  seats,  hence  no  lateral  movement  was  possible 
except  over  the  seats,  and  the  auditorium,  was  in  darkness. 
The  arrangement  of  atajrways  was  defenttve  in  that  persons 
coming  down  the  stairs  from  the  upper  door  of  the  l:>alcony  Had 
to  pass  the  lower  door  in  order  to  reach  the  next  flight  of  stairs, 
and  through  this  door  the  fire  was  p«:Hiring  and  people  were 
rufihing.  Had  the  uppei*  gallery  extended  to  a  separate  stair- 
way to  the  street  (as  might  naturally  be  inferred  by  people  com- 
ing out  of  the  theater)  insteati  of  [to  a  private  office  with  locked 
door,  many  lives  would  in  all  probability  have  been  saved.  It 
sard  that  no  less  than  thirty  bodies  were  found  in  lYiii  tcaui^ 
'  '»y  the  locked  door  to  the  manager's  office. 
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Second  J  as  to  suffocation  and  burning.  The  mast.  efTectual 
safeguards  kno^Mi  to  theater  Ronstrnction,  viz,,  roof  vents  over 
the  stage^  and  fire  curtain  between  the  stage  and  audi  tor  iunij 
were  both  inoperative.  The  stage  was  provided  with  a  vent 
and  two  skylightfi,  as  shown  by  the  eroaa-section  of  theater  in 
Fig.  34,  all  intended  to  be  automatic  in  action,  8<:i  as  to  open  or 
break  in  cfise  of  fire;  but  all  were  uncompleted  and  hent^e  in- 
operative, the  ekylighta  being  nailed  up  by  outside  timbers. 
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Also,  the  asbesttoa  fire  curtain  was  rendered  useleaa  by  an  inter- 
fering swinging  bracket  (used  to  carry  electric  lights  for  scenic 
effects) ,  which  so  swung  out  from  the  nlage  Bide  of  the  proscenium 
wall  as  to  block  the  curtain  when  part  w^ay  down.  Thi.s  in  spite 
of  the  fact  that  the  identical  thing  had  happened  a  week  previous, 
during  a  flight  fire  at  a  rehearsal. 

Third  J  improper  exits.     The  theater  is  said  to  have  had  27 
eicit  doors,  inadequately  marked,  aa  no  lights  were  visible  after 
outbreak  of  the  fire*     Nearly  all  doora  had  opening  devices 
iBiv  which  ojjerated  top  and  bottom  bolts,  but  many  doors 
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were  frozen  fiust  by  snow  and  ice  on  the  outside  fire  escapefl,  etc. 
All  inner  doors  opcme<l  inward. 

More  details  in  connection  with  thia  building  and  fire  are 
given  in  Chapter  XXIL 

The  Baltimore  CoatlaKratlon,  —  The  confliigration  which 
swept  Huh  t  more  on  Feb  nut  ry  7  and  8,  191)4^  const  ity  ted  the 
most  njonuMjt/Ous  tt^Ht  ever  applit^d  tt>  fire-rraLsting  (?onritriictioE, 
T!ie  great  €'hicago  fire  of  187 1  involved  a  monetary  loss  which 
exceeded  that  caused  by  the  Baltimore  (ire»  btit  fire-re-siHting 
construction  wjia  then  unknown,  ancl  only  caimt  into  being  in 
thid  country  as  a  direct  rcj^ult  of  that  experience.  The  San 
Francisco  conflagration  of  1906,  which  will  be  describeii  later, 
also  involved  a  greater  loss  than  that  at  Baltimore^  hut  the 
doubt  which  will  always  exist  as  to  the  relative  amount  of 
damage  flone  at  8ati  Francisco  l>y  earthquake  or  fire,  ranka  that 
conflagralion  os  second  to  the  Baltimore  experience  as  a  positive 
test  of  fire-resistive  methods  and  materials. 

Exicnl  of  Fire,  —  A  propfT  conception  of  the  extent  of  the 
fire  and  its  irresistible  fury  is  neoeaaary  before  the  effects  can 
be  properly  judged. 

The  devastated  area  covered  about  140  acres  or  80  city  blocks. 
To  appreciate  properly  the  area  which  these  figures  indicate  it 
is  necessary,  for  those;  at  least  who  are  not  familiar  with  the 
business  district  of  Baltimore,  to  compare  the  burnci^  territory 
with  cities  with  which  one  is  entirely  accustomed.  A  similar 
area  in  New  York  City  would  iuchide  that  entire  portion  of  the 
city  lying  l><>low  ('hamlM^rs  street ,  or  below  City  IJall  Park; 
while  in  Boston  a  similar  comparison  would  include  the  area 
Ix'tween  Adams  Square  and  West  Street  in  one  direction^  and 
between  Tromont  street  and  Atlantic  avenue  in  the  other. 
And  ais  both  of  these  are^s  include  most  of  the  finc^st  and  most 
costly  business  buildings  in  those  cities,  so  did  the  Baltimore 
fire  sweep  the  finest  section  of  the  city  before  it,  so  that  few 
modern  buildings  <^l  any  prominence  were  left,  save  the  Court 
Hous^,  the  City  Hall,  and  Postoifice.  About  250()  buildings 
were  destroye<l,  including  olHco  and  bank  buildings,  retail  and 
wholeside  stores,  warehouses,  markets,  wharves,  and  lum.ber 
yards,  involving  a  loss  of  about  $4U,0tX>,000. 

Before  considering  any  of  the  buildings  in  detail,  it  is  first 
necessary,  as  tefore  stated,  to  secure  as  adequate  an  idea  "- 
possible  of  the  tremendous  proportions  of  ilw*  cohSlU-^^Wss 
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to  the  time  the  distinctly  fire-resisting  buildings  were  attacked. 
Referring  to  the  map  shown  in  Fig,  35,  the  fire  originated  at 
about  11  A.M.  on  Sunday,  February  7,  in  the  Hurwt  dry-goods 
store  on  Liberty  street,  the  western  boundary  of  the  fire  area; 
and  by  7  or  8  p.m*  it  hatl  apreail  to  the  office-building  district 
as  far  east  aa  Calvert  street  and  m  far  north  as  Fayette  street. 
By  thifl  time,  also,  the  authorities  had  resorted  to  the  use  of- 
dynamite  in  an  attempt  to  demolish  buildings  in  the  path  of 
the  fire,  bo  as  to  form  opt^n  spacej?  from  which  the  flames  could 
be  fought,  or  a^^ross  whicli  th*^  fire  could  not  extend.  But  on 
account  of  varioui*  delays  owing  to  unfamiliarity  with  the  use 
of  dynamite,  several  buildings  were  not  bloi^ti  up  until  com- 
pletely wrapped  in  flame,  and  to  thia  cause  the  owners  of  several 
buildings,  notably  of  the  Union  Trust  Company ^s  Building  at 
Fayette  and  St.  Paul  streets,  attributed  the  great  loss  to  their 
structures.  The  explofiion  of  the  burning  buildings  only  served 
to  spreiul  or  ecatter  the  flame  and  to  increase  ita  intensity. 

IntertMly  of  Fire.  —  By  the  time  the  fire  reachei  the  large 
ofiice  huildingSp  near  the  center  of  the  northern  boundary,  the 
area  in  flames  consistetl  of  twenty  or  more  blocks  of  non-fire- 
proof buildings  and,  before  one  is  too  critical  as  to  the  beliav^ior 
of  the  supposedly  fire-res tsting  buildings,  it  is  well  to  consider 
what  a  tremencious  heat  must  have  lieen  driven  with  the  flames 
—  an  intensity  of  heat  which  no  construction  ccmld  have  been 
expected  wholly  to  withstand.  In  all  of  the  high  buildings 
which  remained,  there  was  every  evidence  of  tliis  destructive 
heat.  In  the  critical  examination  made  by  the  w  riter  of  almost 
every  one  of  the  fire-rasisting  buildings,  hardly  a  vestige  of 
woodw^ork  or  combustible  matter  of  any  kind  was  to  be  seen. 
Of  wooden  nailing  strips  which  had  been  built  into  the  brick 
walls,  the  nails  alone  remained,  projecting  from  the  slots  in  the 
brickwork,  but  scarcely  even  ashes  of  the  woodwork  were  to 
be  seen  even  in  the  decjK^st  portions  of  the  grooves.  Wood 
hand  rails  on  stair  balustrades  were  mmpletely  gone,  marble 
floors  and  wainscots  were  cracked  or  reduced  to  a  powdery 
mass;  ornamental  wrought-iron  and  bronze  work  was  wrecked 
and  almost  melted,  while  glaea  windows  and  glol>es  had  melted 
and  run  into  grotesque  shapes.  One  of  the  solid  marble  columns 
in  the  entrance  rotunda  of  the  Calvert  Building  is  shown  in 
Fig.  36.  "It  is  estimatefl  that  the  temperature  of  the  fire  was 
?ir  muijh  in  excess  of  2200"  F.,  although  in  some  spots  it 
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FiO.  37.  —  Fa^rade  of  BaltimqirQ  &  Ohio  RfiitroacI  Co'a.  Buildlnf^  Baltjmore  Firow 
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©oeniB  to  have  been  approximatdy  2800  degrees  or  more*  Cast- 
iron  radiatora  and  typewriter  frames  were  found  in  some  places 
almost  completely  destroyed  by  oxidation,  hut  had  melted  in  a 
few  civse>5  only*     Wire  glsiss  melted  in  a  mmiber  of  instanecii/'  * 

The  fire  not  only  traveled  low  do\m  from  buildinii;  to  bnihh'ng, 
but  Idgh  overhead  lus  well,  ^i  that  wtrueturei^  were  attacked  at 
different  pijinU  at  one  and  the  same  time  —  in  the  upper  stories 
from  th«?  gre^it  wavt^  of  heat  and  embera  of  buildings  at  often 
considerable  distance.  The  eiiatodian  of  the  Continental  Trtist 
Company's  Building  stated  that  just  before  the  building  finally 
took  fire  in  the  upper  storie.^,  and  before  the  opposite  buildings 
were  in  flame,  ever^"  window  sill  on  the  exposed  front  of  the  upper 
Btoriea  wa«  covered  with  glowing  embers  to  a  depth  of  nearly 
Bix  inehe^s,  pihng  up  against  the  glass,  and  gradually  igniting 
the  window  frames  at  many  floom. 

It  is  thus  evident,  and  the  point  should  be  eniphasized,  that 
no  construction  could  trhoUt/  withistand  such  an  ordeab  In  the 
■report  of  the  PaterBun  fire,  by  tin:*  Continental  Fire  Insurance 
Company,  the  statement  was  made  that  a  fire-resisting  building 
19  not  an  expoBure  to  another  fire-re^^isting  building  under 
OTtlinary  conditiom^  and  judgment  upon  the  behavior  of  fluch 
buildings  in  the  Baltimore  hre  must  be  upon  the  logical  premise 
of  most  iitifisuai  condUions. 

Effects  of  Fire.  —  Turning  now  to  a  more  detailed  account 
of  the  individual  buildings,  it  is  evident  that  a  somewhat  uni- 
form condition  of  affairs  was  to  l>e  expected  in  almost  evejy 
itt5tan<!C.  Thus,  in  sixteen  buildings  examined  by  the  writer 
in  great  detail,  no  woodwork  or  combustible  material  of  any 
nature  waa  trO  be  found  except  in  low  one-  or  two-storied  buildings 
which  escapcfi  serious  injury,  or  in  the  lower  story  or  storiea 
of  a  few  notable  exceptions  in  liigh  buildings.  The  complete 
destruction  of  all  plastering  and  marble  finisli  wtis  also  true  in 
every  high  builtbng  but,  notwithstanding  these  uniform  condi- 
tions, points  of  great  interest  were  to  be  foimd  in  almost  every 
example*  The  examinatioas  were  made  but  two  <lays  after  the 
fire  and  before  anything  had  been  done  to  the  buildings  in 
question.  In  fact,  many  of  the  structures  were  still  smoking 
or  blazing  in  places. 

Non-flre-resl sling  Buildings^.  —  Over  ninety  per  cent,  of  the 
tijjldingH  in  the  burned  area  were  fairly  sulistantial  brick  build- 
♦  See  report  of  NutkumI  Fire  Protectiou  AiiBociftllQ&  Cc»mm\l\eei, 
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iDgs,  rnoatly  of  ordinary  ioisted  cotiatruction,  generally  of  email 
area,  ranging  from  four  to  five  stories  in  height.  These  suffered 
total  destruction  almost  without  exception.  Among  the  l)est 
of  this  class  of  construction  were  the  Law  Building  and  the 
American  Building,  of  which  only  portions  of  the  outer  walla 
remained  standing. 

Montimeiital  Eulldlngs,  —  The^e  included  the  FostoSic«, 
Court  House,  and  City  Hall^  all  structures  of  moderate  height 
with  heavy  exterior  walls  of  granite,  floors  of  brick  arches  or 
terra-cotta,  heavy  interior  walls  of  brick,  nioderatt*  window  area 
exposure,  and  each  bounded  by  streets  on  all  sides.  The  Post- 
office  and  tlie  City  Hall  were  each  e.xposed  in  one  fti^ade  only, 
while  the  Court  House  wtus  badly  exposed  on  two  sides  to  build- 
ings opposite  which  were  severely  or  completely  damaged. 

The  use  of  fire  hose  within  these  three  buildings,  directed 
against  the  window  casings,  etc.,  during  the  entire  time  of 
exposure^  succeeded  in  keeping  the  flames  from  entering,  but 
great  damage  was  done  the  marlib  and  granite  exteriors.  The 
result  would  undoubtedly  have  been  far  different  had  the  fire- 
reaisting  Herald,  Calvert,  and  Equitable  Buildings  been  of  a 
more  combustible  nature  and,  in  these  eases,  most  certainly, 
the  fire-resisting  buildings  mentioned,  although  badly  damaged, 
Berved  to  protect  the  Court  House  in  large  measure. 

Flre-reslsttng  Buildings,  —  The  burned  area  included 
twenty-seven  buildings  which  could  fairly  be  called  fire-resistive. 
These  should  be  subdivided  into  those  structures  built  some 
twenty  to  twenty-five  years  ago,  aft-cr  methods  not  now  em- 
ployed, and  those  of  the  more  strictly  modern  type. 

In  the  former  class  were  the  Chamber  uf  C'ommerce  and 
the  Baltimore  and  Ohio  Railroad  Office  Building*  A  photo- 
graph of  the  lower  stoiies  of  the  latter  budding  is  shown  in 
Fig.  37j  illustrating  the  great  damage  done  the  exterior  granite 
work. 

The  more  modern  fire-resisting  buildings,  in  the  condition  of 
which  under  fire  test  we  are  particularly  intei-ested,  included 
the  Equitable,  Herald,  Calvert,  Union  Trust  Company's,  Mary- 
land Trust  Company^s,  Continental  Trust  Company^a,  Mer- 
chants National  Bank,  and  the  Chesapeake  and  Potomac 
Buildings.  The  general  construction  and  the  effects  of  the 
fine  upon  these  buildings  will  be  described  very  briefly,  but  more 
extended  comment  upon  many  features  of  construction,  etc., 
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win  be  giTeB  in  various  other  chaptei 

const  ruction.     The  adjusted  fire  losses  in  these  several  buikiiug? 

are  given  in  some  detail  because  they  form  the  basis  of  a  Inter 

discujssion  in  this  chapter  on  the  ratio  of  fire  damage  to  sound 

value. 

The  EqultaMe  Building  was  a  ten-stor>^  building  of  about 
lOO  feet  frontage  on  Calvert  street,  by  about  2tM)  f<*et  on  Fayette 
fltreet.  It  was  built  in  1891.  The  exterior  walla  were  granite 
for  a  height  of  three  stories  anil,  like  all  other  granite  or  stone 
walls  which  passed  through  the  fire,  they  showetl  mui-h  scaling, 
especially  at  exposed  comers  or  soffits.  The  upper  stories  of 
brick  and  terra-cotta  were  in  pjissably  good  c5ondition. 

This  building  was  connected  with  the  adjoining  Calvert 
Building  by  a  steel  and  tfjrra-cotta  bridge,  but  the  principal 
exposure  came  from  the  rear,  where  was  locat-ed  a  low  non -lire- 
resisting  building  which  the  Equitable  Company  trietl  tL>  buy 
when  the  new  building  was  erected.  This  dangt^rous  risk  backed 
up  to  the  interior  court  of  the  Equitable  Building,  and  it  was  in 
this  interior  court  that  evidence  of  the  greatest  heat  was  to  be 
Been-  The  enameled  bricks  of  the  court  walls  were  %''ery  badly 
scaled  on  the  faces,  especially  around  the  windows,  where  great 
draughts  occurred. 

The  interior  framework  consisted  of  cast-iron  columns,  steel 
floor  beams,  and  shallow  terrarootta  arches,  as  shown  in  Fig,  38, 
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H^No  Fln«  FroofitiK  on 
bottom  ot  Beiuxk 

Fia.  38'.  —  Floor  CooBtmctioa,  Equitable  Building.  Baltimore  Fire. 


The  columns,  ranging  from  B  inches  by  8  inches  to  12  inches  by 
12  inches  in  size,  were  spaced  about  22  feet  centers ^  with  girdera 
between  of  10-inch  Fa.  Tbe  floor  beams  were  9-inch  steel  I- 
beams,  ranging  from  6  feet  9  inches  to  8  feet  2  iiiclies  on  centcTB, 
15  feet  5J  inches  span.  The  writer  was  informed  that  this 
system  of  wide  span  and  very  light  stmctural  framework  was 
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designed  for  some  form  of  composition  or  patented  floor  which 
was  never  used.  As  built,  the  arches  consisted  of  6-inch  semi- 
porous  terra^cotta  partition  blocks,  sprung  from  flange  to  flange, 
laid  endwise,  thus  forming  a  kind  of  end-construction  arch, 
with  a  rise  of  4  inches  at  the  center.  The  flooring  consisted 
of  1-inch  flooring  on  2-inch  plank,  the  voids  over  the  arch 
haunches  being  unfilled.  The  result  was  about  what  one  would 
have  expected  from  such  an  abnormally  light  and  make-shift 
construction.  When  the  2-inch  rough  planking  burned  away, 
this  floor  construction  was  not  even  stable  enough  to  support 
the  various  safes  scattered  about  the  numerous  small  offices 
into  which  the  building  was  subdivided.  The  consequence  was 
that  most  safes  and  vault  doors  fell  through  to  the  basement, 
carrying  bay  after  bay  of  floor  arches  with  them. 

Also,  this  method  of  floor  construction  did  not  provide  any 
adequate  means  of  protecting  the  beam  soffits.  The  end  blocks 
used  as  skewbacks  were  supposed  to  hold  soffit  strips  of  tile  by 
means  of  beveled  edges,  and  some  metal  clamps  were  also  em- 
ployed. As  a  matter  of  fact,  few  of  the  beams  were  protected 
by  anything  more  than  about  one  inch  of  plaster,  thus  resulting 
in  the  serious  deflection  of  a  large  number  of  floor  beams. 

Another  great  mistake  in  design  was  the  absence  of  proper 
supports  for  the  vault  doors  supplied  for  all  floors.  These 
ordinary  vestibule  vault  doors  were  evidently  placed  on  top 
of  the  rough  plank  flooring  and  rested  over  a  floor  beam  along 
one  edge  of  the  vestibule  only.  On  the  burning  out  of  the  wood 
floor  the  vestibule  was  permitted  to  fall  enough  to  break  through 
the  floor  arch  beneath.  As  a  result,  one  door  remained  sus- 
pended in  a  dangerous  position  at  an  upper  floor,  while  the 
rest  were  buried  in  the  debris  in  the  basement.  The  floor 
arches  should  either  be  substantial  enough  to  carry  such  loads 
or  else  additional  beam  supports  should  be  provided. 

The  partitions  throughout,  of  4-inch  "Lime-of-Teal,"  or  a 
species  of  plaster-of-Paris  blocks,  were  completely  disintegrated 
and  generally  reduced  to  lifeless  debris  or  powder  scattered  over 
the  floors.  The  tremendous  weight  of  so  many  fallen  partitions 
must  also  have  contributed  no  small  share  to  the  failure  of  the 
floor  arches.  If  one  were  inclined  to  place  any  reliance  on 
plaster  blocks  for  fire-resistance,  the  repeated  experiences  of 
this  material  in  the  Baltimore  fire  would  soon  dispel  the 
iJJusion. 


Geoer^  conditiooB.j,., 

llaaonry 

Granite 

Eoof 

Exterrior  marbl«. 

Steel  and  cast  iron 

Om&meoUil  iron 

Fireprooling  and  terra-ocitta  flfxira 

Interior  marble 

Terrarcotta  and  oettuis 

Carpentry  work 

Plastering 

Wire  lath  and  plastering 

Paifitiog 

Gtaaa  aod  glazing 

Eutlwaro 

Wall  tilisj 

Asphalt  ^oora 

Turkish  baths 

Staging  , 

Cleaning  out  building 

Architects'  " 

Furniture.. 

Boiler  plant,  etc. 

High  pressure  piping 

Heatini;  and  ventilating  apparatus 

Generator  plant ,  _ , 

Elevators 

Plumbings  3re  pump,  eto, 
Elertric  wiring 
Fiitarea 


Total 


I771.51J5.51 
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The  appraisers' report  contained  the  following  conclusion: 

Had  this  btjilfliiig  bm*n  properly  constructed,  there  would 
not  have  been  over  a  50  per  cent.  toss.  ...  A  liirpfe  portion  of  the 
damage  would  have  l>ef^n  Havetl  had  the  fi reproofing  been  prop- 
erly done,  proving  conclusively  that  too  much  ctire  cannot  be 
taken  in  looking  after  the  construction  of  a  building  if  the  fire- 
proofing  is  to  be  of  any  practical  use. 

The  Baltimore  Herald  Building  was  a  six-atory  butlding 
at  the  corner  of  St,  Paul  and  Fayette  streets.  While  not  as 
large  as  most  of  the  other  buildings  here  described,  it  was  still 
interesting  in  several  particulars. 

On  the  exterior,  the  sandstone  of  the  lower  two  stories  was 

siderably  damagetl,  requiring  extensive  reeonBtruetion.     The 

pressed  brick  and  omamentjil  terra-cot ta  fronts  of  the  upper 

•toriea  had  to  be  entirely  rebuilt,  particularly  owing  to  the 
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damage  to  the  brickwork.     IVjsnilile  salvage  in  tlie  lena-cotta 
was  offset  by  the  expc^ni^e  of  re.sc^ttiiig. 

On  the  int<?riorf  wnod  floors  ami  screeds  had  entirely  dis- 
appeared, and  the  cinder  concrete  filling  was  soft  and  lift'less. 
Although  all  of  the  end-construction  porouB  terra^cotta  floor 
arches  were  in  place,  they  were  devoid  of  ceiling  plastering^  and 
arches  were  cracked  and  sagged  in  the  center  to  a  considerable 
extent  on  several  floors.     This  was  dno.  t  >  faults  in  tiie  floor 


Fig.  39.  —  laterior  of  HeralJ  l^.^iMin-    i  >  iro. 

desif^.  The  floor  girders  were  generally  of  too  shallow^  a  depth 
for  the  considerable  spans  employed  and,  being  firmly  embedded 
in  extra  hea\^y  masonry  walls  at  wall  bctiringK^  were  thus  fixed 
at  the  ends.  The  expansion  under  the  heat  cause<^l  the  girders 
and  beams  either  to  sag  or  ''crown"  at  the  center.  This  re- 
sulted in  a  general  w*eak(^ning  of  the  floor  archies.  Some  low^er 
faces  of  arcla^s  were  off  and  protections  of  low  er  flanges  of  beams 
and  girders  were  broken  in  places,  especially  on  upper  floors. 

Two  kinds  of  partitions  w^ere  in  evidence  in  this  Iniilding  — 
^^iTa-cotta.  and  plaster- block.     Most  of  the  former  were  in  fair 
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condition,  while  those  made  of  plaster-blocks  were  either  down 
or  80  disintegrated  that  the  finger  could  easily  be  pushed  through 
the  webs  of  the  blocks.  Fig.  39  shows  the  condition  of  the  plas- 
tei^block  partitions,  and  the  sagging  of  the  floor  girders  referred 
to.  The  terra-cotta  column  casings  were  also  largely  in  place, 
but  in  only  fair  condition. 

The  court  windows  were  provided  with  tinned  shutters,  which 
were  evidently  dosed  at  the  time  of  the  fire,  as  the  sheets  of  tin 
were  standing  upright  within  the  window  spaces  but  entirely 
devoid  of  any  traces  of  wood  cores  and  absolutely  useless. 
'RuBy  had  evidently  been  held  closed  by  latches  screwed  into 
tlie  wooden  window  frames,  and  were  hence  free  to  open  as 
sooD  ns  ihia  wood  was  oonsumed. 

The  adjusted  fire  loan  wm  as  follows: 


SP--  ■:  ■ 

Sound 
value'. 

SaJvi^e, 

Fire  lost. 

EicavatkiD  .     ,   .          .  .....,.,...,.,... 

14.500 

2J29 

11, ODD 

S37 

6.'t3G 

7.fi7S 

2,899 

1,058 

42,389 

10,025 

3.077 

4,32S 

IJOO 

2,4iiO 

14,7fl2 

in 

0,150 
6C0 

17,703 

7,679 

3.000 

3,840 

302 

54g 

tijm 

10,440 
12,100 
17,350 

'im 

20is9 
6,407 

'     100 

■  "so 

50Q 
4,000 

'"ho 

£40 
448 

1410 

S  170 

CQtamon  biicfc , . , 

7,000 

Praseed  brick./  . .      ..*■►.* 

2  72ft 

OraniaentBJ  tora-^eotti ..:.... 

11  000 

RtXtflDg         ... 

837 

Bhpif!t  Ttifftftl  and  akylightfl. , , , , . , 

Z.SSft 

Flopteriniig                  .   ...  ^  *.,,,.,*, .    . ,   * . , 

1^435 

Floof  arcLes , . ...... 

Paiiitiona       ,       .,    ►,..,,.*,,,    « 

2S03 

Concrete  G 11 , ....,.,. 

1,0&S 

Steel  work.  .....,..».*.-..   ,  * . ,    .   . 

13  000 

3  618 

Marble  ......**.,*  ^  ..,...* . 

3  077 

Tllfi  Mosaic ,......,. 

4i£26 

1  GOO 

mVm  .  n  ,    , ,                                 

2  450 

CarpflOtix ** ., 

14,703 

Office  pTile ..........,,.,.»...,... 

423 

Paiatlog  * ,     . ■     ... .         .     . 

3  150 

Mail  fibitte. ... .........,,.+  ,  * 

550 

Flumbing. . , ....,*..., 

5.160 

Elevatara . , ,   .... 

13  7oa 

Hadiatone  and  pipinitr . ...... . , , 

fl,H4 

Wirioe  and  fixttirea . . , ,.,,.♦ 

3t000 

Vaults ................     .. 

3  750 

Sidewalk  Bfid  cufb  ..... 

146 

Concrete  flcwr 

200 

3,  too 

Total...,., 

Deduflt  for  juak 

1217431 

tfii.sne 

fI2S,026 
1  S20 

1127.605 

The  Calvert  BuUdlng  is  a  twelve-story  building,  comer  of 
Fayette  and  St.  Paul  streets.    The  lower  two  stories  >Net^  ol 


168         FIRE   PREVENTION   AND   FIRE   PROTECTION 

sandstone,  which  was  badly  scaled  in  places,  especially  near  the 
comer  of  the  building.  The  upper  stories  of  brick  and  orna- 
mental terra-cotta  trimmings  appeared  from  the  street  about 
as  good  as  new,  and,  indeed,  viewing  the  building  from  some 
distance,  it  was  hard  to  realize  that  the  structure  had  really 
passed  through  the  ordeal  of  fire,  had  not  the  absence  of  all 
window  frames  and  sash  so  testified.  A  closer  examination, 
however,  revealed  considerable  injury  to  the  terra-cotta  trim- 
mings and  brickwork,  especially  the  cornice.  Compare  with 
Chapters  VII  and  XX. 

On  the  interior,  the  steel  frame  was  intact  and  suffered  no 
injury  whatever  with  the  single  exception  of  one  column  on  the 
eighth  floor.  This  was  a  box  column  made  of  two  channels 
and  two  plates,  and,  from  evidences  on  the  floor  around,  it  was 
subjected  to  a  tremendous  heat,  due  to  the  burning  of  large 
quantities  of  paper  and  office  supplies.  The  partial  failure  of 
the  terra-cotta  column  covering  resulted  in  the  "upset"  or 
settling  down  on  itseK  of  the  column  about  four  inches. 

The  floor  framing  generally  consisted  of  15-inch  beams  and 
15-inch  Haydenville  semiporous  end-construction  terra-cotta 
arches.  Portions  of  the  lower  flanges  scaled  off,  exposing  the 
cross  webs  in  the  blocks,  but  on  the  whole  the  floors  were  in 
excellent  condition,  and  the  architect  of  the  building  expressed 
himself  as  much  pleased  with  the  showing.  The  condition  of 
this  building  was  a  great  recommendation  for  deep  and  sub- 
stantial floor  construction. 

The  terra-cotta  partitions  were  practically  wrecked  through- 
out as  far  as  reconstruction  was  concerned,  due  to  the  intro- 
duction of  wooden  sash,  in  the  upper  portions  of  the  corridor 
partitions,  for  transmitting  light  from  offices  to  corridors. 

Sound  value  of  building,  $634,075.00  Per  cent. 

Fire  damage,  $363,256.00  or 57.  3 

Damage  to  structural  steel 1 .  37 

'*  floor  arches 7.  47 

**         "  partitions 99.  5 

"  cinder  fill 66.6 

'*         "  stonework 58.  6 

"  face  brick 48.5 

**         "  ornamental  terra-cotta 73.  5 

"         "  ornamental  iron 37. 

''  marble 97.5 

"         "  plastering 97. 4 

''        "  woodwork 95. 1 
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Tbe  tlnloQ  Trust  Company's  Bulldtniir,  at  the  corner  of 
Fayette  and  CIiEirleH  streets,  on  tite  iinrtheiTt  confines  of  the  fire 
area,  is  a  ten-atory  and  high  haaemeiat  building  of  skeleton 
construction.  The  lower  tlirc^e  wtories  wrTe  of  sandstone  which 
WfiS  badly  sealed,  e.specially  at  the  eorners  of  piers  and  reveals. 
The  upper  storieB  were  of  l>rick  with  omnrnental  torra-cotta 
trimmingj3  and  heavy  ovcrlianging  corniee.  The  terra-cotta 
panels  or  spandrels  betwei^n  the  windows  and  the  ornamental 
window-jamb  mouldings  of  the  same  mat-erial  were  badly  broken 
in  many  plat;es.  The  terra-coita  cornice  weis  considerably 
damaged.  The  exterior  face  brick  appeared  to  be  in  generally 
good  condition^  except  that  the  brick  qiioina  or  raised  belt 
coursei^  were,  in  many  instancei*,  split  off  even  with  the  face  of 
the  wall  This  same  condition  was  to  be  seen  in  other  bnild- 
ings,  and  oi'namenlal  terra-cotta  whicli  wa8  modeled  with  con- 
siderable relief  or  in  highly  ornjiniented  forms,  usually  suffered 

icii  more  damage  thtin  Hatter  or  plainer  surfaces*  The  two 
i  walls  of  this  building  were  afterwards  entirely  removed^ 
having  been  condemned  by  the  eity  Building  Department,  there- 
by adding  materially  to  the  loss. 

All  of  the  window  frames  were  completely  burned  out,  but 
all  cast-iron  mnllions  save  one  wertj  standing,  but  generally 
badJy  'warped. 

On  the  interior,  the  steel  frame  was  absolutely  intarifc,  the  only 
injury  being  a  few  sagged  beams.  The  floor  arches  of  end- 
construction  porous  terra-cotta  were  in  very  cretlitable  con- 
dition conBidej-ing  the  tremendous  heat  to  whicli  thia  buildings 
in  particular,  was  subjected.  All  floor  and  roof  arches  were  in 
pla^e,  but  the  lower  faces  of  the  blocks  had  scaled  off  of  jiortions, 
particularly  in  the  upper  stories.  The  strength  of  the  floor 
arches  after  the  fire  was  well  proven  hy  a  safe,  said  to  weigh 
3o<K}  poundis,  which  was  found  lying  across  the  center  of  a  second 
floor  arch.  Of  wood  floor  and  screeds^  not  a  traoe  remained. 
The  tile  column  coverings  were  largely  in  position,  but  unstable, 
due  t>o  the  weakeinng  of  the  mortar  joinU.  Tilo  partitions 
were  badly  broken,  and  if  not  down,  were  aLno  weak  in  the 
mortar  joints. 

A  somewhat  exceptiooal  condition  of  affairs  was  found  in 
this  building  with  reference  to  the  stairway.     This  liad  appar- 
bcen   constructed   of    cast-iron   strings  and   risers,    and 
larbli?  treads  and  platforius,  but  of  the  entire  tea  stories  tittVj 
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a  few  strings  were  in  place  near  the  top  floor.  Practically  the 
entire  stairway  was  a  heap  of  ruins  in  the  basement  and  first 
story.  The  only  way  of  examining  the  upper  floors  was  by 
means  of  the  exterior  fire  escape. 

The  president  of  the  Union  Trust  Company  informed  the 
writer  that  every  hope  had  been  entertained  of  saving  the  build- 
ing up  to  late  on  Sunday  evening.  The  building  was  equipped 
with  standpipes,  and  hose-reels  were  in  readiness  on  every  floor, 
as  well  as  wet  blankets,  before  the  most  exposed  windows,  as 
the  fire  approached  this  location.  But  the  orders  of  those  who 
had  charge  of  fighting  the  conflagration  at  this  point,  to  blow 
up  with  dynamite  the  combustible  toy  store  opposite,  were 
unfortunately  delayed  until  that  building  was  in  flames.  The 
explosion  only  made  matters  worse.  It  blew  in  all  the  windows 
of  the  Union  Trust  Building,  and  sheets  of  flame  attacked  the 
entire  structure  at  every  opening  at  practically  the  same  moment. 

The  sound  value  of  building  was  $348,795.00. 
•  The  fire  damage  was  $214,488.00;  or  61.5  per  cent.  Items 
of  damage  included  structural  steel,  1.03  per  cent.;  floor  arches, 
40  per  cent.;  cinder  filling,  80  per  cent.;  partitions,  80  per  cent.; 
stonework,  95  per  cent.;  brickwork,  31.9  per  cent.;  terra  cotta, 
100  per  cent.;  ornamental  iron,  94.5  per  cent.;  marble  and  mosaic, 
97.7  per  cent.;  plastering,  100  per  cent. 

The  Maryland  Trust  Company's  BuUdlng  was  a  ten-story 
and  attic  building,  corner  of  East  German  and  South  Calvert 
streets,  built  in  1900.  The  exterior  walls,  seK-supporting  to 
fifth  story  and  carried  on  the  steel  frame  above  that  level,  were 
faced  with  granite  on  the  street  fronts  in  first  and  second  stories, 
above  which  they  were  of  pressed  brick  and  terra-cotta  trim 
with  a  heavy  ornamental  terra-cotta  cornice.  The  steel  frame 
consisted  generally  of  built  steel  columns,  double  24-inch 
I-beam  girders  and  10-inch  beams.  The  floors  were  of  9-inch 
semiporous  end-construction  terra-cotta  arches,  the  beam 
sofiits  being  protected  by  solid  terra-cotta  wedge  strips,  1  inch 
thick,  held  in  place  by  the  arch  skewbacks  and  by  the  plastering. 
The  girders  were  protected,  where  projecting  below  the  floor 
arches,  by  means  of  3-inch  hollow  tile  blocks  resting  on  the 
lower  flanges  of  girder  beams,  the  soffits  being  protected  by 
1-inch  sohd  soffit  tile  held  by  clips  around  the  girder  flanges, 
and  by  the  plastering.  Interior  columns  were  protected  by  4-inch 
hollow  tile  blocks,  partitions  were  made  of  4-inch  hollow  tile 
with  wooden  door  frames  and  top  sash.    The  end  wall,  toward 
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he  Carrolton  Hotel  and  toward  the  source  of  the  coaflagration, 

'was   provided   with   tinned  shultera  over  all   windows.     It   is 

imposaible  for  any  except  eye  witnesses  to  say  whether  the^ 

P butters  failed  from  the  hent  of  Wm  burning  hotel,  thuB  allowing 
he  flames  to  enter  the  Trust  Building,  or  whether  they  finally 
ucc limbed  only  after  fire  had  entered  the  building  from  the 
tructures  across  German  street.  However  that  may  be,  they 
were  finally  reduced  U>  empty  shell?^  of  warped  and  twii^ted  tin, 
the  outer  and  inner  faet^  of  which  were  tus  much  as  12  to  15 
ijichea  apart  in  some  caaes,  caused  by  the  rapid  generation  of 
gm  from  the  wood  cores. 

Damage  to  Bmidmg.  —  The  sound  vahie  of  building  WttH 
$404,005,  of  which  S242,279  was  tlie  ailjustcd  fire  Iosh,  The 
items  of  stonework,  plastering,  roofing,  and  sheet  metal,  marble 
and  mosaic,  painting  and  glazing,  carpentry  work,  hardware, 

I  and  electric  work  were  all  total  lofivSes.     The  exterior  granite 
was  hadly  damaged,  terra-cotta  trim  wa^n  ehipped  and  broken, 
and  many  of  the  faeea  of  the  pressed-brick  piers  were   badly 
scaled.     The  ornamental  terra-cot ta  sufi"ered  a  loss  of  75  per 
©ent.  of  sound  value,  brickwork  55  per  cent. 
On  the  interior,  the  steel  frame  wtis  generally  in  good  condi- 
tion, save  in  the  attic  where,  probably  owing  to  the  et'Orage  of 
I  paper,   etc.,   which  evidently  produced   a  great   heat,   several 
columns   had   deflected,    one,    made  of   two    l()-inch   channels 
liveted  back  to  back,  being  buckled  alx>ut  IS  inches  out  of  line. 
Urns  setthng  and  permitting  tlic  rot^f  girders  to  deflect.     The 
itructural   steel   was    practically   undamaged   below   the   attic 
level,  the  entire  tire  loss  on  this  portion  of  the  construction  being 
but  6  per  cent. 
The  floor  arches  were  all  in  position,  even  supporting  heavy 
^  portable  safes  after  the  fire,  although  the  lower  faces  of  the  arch 
^P  blocks   were  scaled  off  on  many   of  the  upper  floors.     Beam 
'   Boffits  were  mostly  in  place,  but  girder  protections  were  gen- 
erally  missing.     Column  coverings  and  partitions  were  largely 
^^landing,  but  damaged  and  weakened.     The  fire  loss  to  the  tile 
^rfireproofing  wiis  70  per  cent. 

The  Continental  Trust  Company -s  Building.  —  This  was 
a  four  teen -story  skeleton  construction  building,  erected  in  1901 
at  the  southeast  corner  of  East  BaUiraore  and  8outh  Calvert 
slreets.  The  two  street  walla  wer*^  slone-fuced  up  to  the  third 
Btory,  above  which  they  were  of  pressed-brick  and  t(iTta.-v*;^j\Va.. 
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The  east  or  end  wall,  antl  the  south  or  rear  wall,  were  of  brick 
with  a  4-inrli  faciDg  of  pressed- brick,  both  (jf  tho.se  walls  being 
indented  by  exterior  light  r:oiirts.  All  walls  wen>  pierced  with 
a  great  number  of  windows,  so  im  in  give  maximum  light  to  all 
offices.  Brick  walls  were  getierally  12  innhc«  thick,  carried  on 
the  steel  frame  at  et^ch  floor,  with  4-iiich  inside  furring  tile. 
The  court  wiodows  were  separated  by  cast-iron  mull  ions. 

The  steel  frame  was  of  built-up  columns,  double  15-ineh 
I-beam  girders  24  feet  on  centers,  and  15-inch  I-beam  joists  6  feet 
on  centers.  The  fl(Xir  arcliea  were  Iti-inch  semi-porous  end 
conistruction  archea,  the  In^am  soffits  being  prot^ct^  by  2-!neh 
thick  grooved  srjffit  tile  held  in  place  by  the  skewbaeks.  Soffits 
of  giwiera  were  similarly  protected.  Column  casings  were 
partly  3-inch  and  partly  4'inch  hollow  tile.  Partitions  were  of 
hollow  tile,  5  inchiiS  thick  along  corridors,  and  3  inehi?s  tluck 
between  the  numerous  rooms. 

Structural  Damage.  —  The  sound  value  of  this  building  was 
$1,028,461.  The  fire  loss  was  ^666,328,  or  practically  65  per 
cent.  This  must  have  been  a  great  surprise  t<j  the  owners,  — 
an  experience  hardly  calculated  to  reconuneTid  fires-resisting 
constniction  —  in  as  much  as  the  building  was  apparently 
well-designed,  well-built,  and  suited  to  the  needs  of  a  modem 
office  building.  But  it  is  plain  from  the  behavior  of  this  struc- 
ture under  ne^'ere  fire  test  that  it  was  a  goo<l  examph^  of  poor 
workmanship,  and  skeleton  construction  carried  to  the  extreme 
of  lightness. 

The  large  glass  or  window  area,  w^ith  the  minimum  of  pier  or 
^fipandreb  combined  also  with  poor  workmanship,  resulted  in  a 
veneer  which  did  not  possess  the  requisite  stability  under  fire 
test.  The  exterior  stone,  face  brick,  and  terra-cotta  were  all 
considerably  chipped  and  broken,  the  experience  in  this  instance 
being  no  worse  than  with  these  same  materials  in  most  of  the 
other  build iuRs.  But  in  the  court  walls,  errors  in  inefficient  1 
design  and  slighted  work  caused  much  avoidable  daintige.  The 
spandrel  bt*ains  over  the  court  windows  were  insulliciently  pix>- 
tected,  thus  allowing  the  distortion  of  those  members,  which 
in  turn  resulted  in  the  falling  of  considerable  portions  of  the 
iturtfeiiu  walls,  nottdily  at  the  seventh,  eighth,  and  ninth  floora, 
f  csfcst'iron  niulliona  were  too  thin  and  (f>o  light  to  offer  any 
ivsist^UhH^  tx)  heat,  the  result  lieing  that  they  were 
«U  warpeil  or  broken,  thus  mi  ding  to  the  distortioD 
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e  spandrel  members.     Furthcrrnrjre,  thn  faiir-inch  pressed-       ^m 

facitip;  of  the  court  walls  wiLS  stripperl  tiff  in  ctin.'^iderable       ^H 

leaving  the  iasufficient  metal  wall- ties  exposed.     Wire  or 

letal  ties  are  a  poor  substitute  for  brick  header.s. 

her  than  the  spamlrel  members  and   mnllions  mentioned 

ij  the  steel  frame  was  uninjured.     The  floor  arches  were  also 

cellent  eundition,  .w  were  the  beam  and  girder  proteetioas. 

e  column  prnk*etion.s,  lioweverj  revealed  the  fact  that  much             1 

jsaness   and    poor   workmanship    had    been   permitted    in 

g  to  care  for  llie  instalhi(  ion  of  piping  ami  wire  conduits 

n  the  plaster  finish  line,  llio  re. suit  boinii;  that  the  tile  Iklocks'             ' 

badly  cut  and   broken   in  many    inj^tances  (see  Fij^.   59, 

ter  XII).     This  not  only  rendered  the  column  protections 

tie  avail,  but  menaced  the  partitions  butting  into  llie  col- 

as ivelL     Partitions  were,  in  ge rubral,  greatly  damaged. 

B  adjusted  fire  loss  was  as  follows: 

Sound  VBJne.        Salvage, 

Fire  loes. 

i  oooditioos. 

12.811  m 
79.793  fil 
41.706  32 
101.695. OO 
63.030.  Sfl 
3il,l«2  50 
29,600  OO 

e5.75a.ft5 

^^mM 

108.000,  [Kl 
6,500  OO 
8.5O0.O0 
7,138.64 
14.427.00 
1,850,00 

SSOO.OO 
41J58J3 
17,360.32 
02.1+1,85 
28,804. 00 
H,1D7  50 

412  64 
15.386  J5 

5JO0  00 
400.00 

"   2.810  69 

$2,311  00                   1 
38.635  48 
24,346  00 

13,553  15 
34,13{(  &0 
28,875.  <  Ml 
29p60U  00 
111.500  00 
50.370,00 
29.907.00 
102JfW  m 

6.1O0  OO 

8, 501).  00 

4.32L95                    1 
14.427  OO 

1.850  (M 

2,500  00 

t,0(KIJ]O 

2,162  82 
31,881.00 
,12JW6.00 
20,455  00 

6,785  00 
31,300  00 

S.60(»,OO 

8,200.00                    ' 

7.083.00 
19J42J6                    1 

«y ,  ,^ 

iJjfimt 

SOtla., , 

Hf  and  dcRoratine , 

itry  litid  mill  work 

entttl  iron     ,...*... 

•inji  and  tath . 

iaDdM(tiiig4  .,._+,....,. 

ad  hardware 

it  fJoora  Bod  ooncreto. « . .  ^ . 

ind  glaxiDg ,,,  .,,....... 

aule.._, 

Iding 

'  77.000  io 
1,588.75 
11.270.00 
10.24a.  W» 

400-00 

20,000.00 
'     2,600  00 

deposit  vault ..►.,- 

Edetal  and  roofiiig 

1,  beatine  and  ventilating  . . 

ing.  sewerajj^e  and  giitt 

ic  wirinif     ,. 

erating  plant 

78.000.00 
3J61.57 
43J51.0O 
42<441,0O 
2O.S55.0O 
U.5S3  or) 
51.:iOi),mi 
5.0OO.0O 
10.800,00 

orBi  anrl  plunt      

Hignalet  and  indjculor» 

\a  tirtures 

kl  removal  of  present  df^bris. , 
0Ot  and  euperintefldenoe 

50.278,38 

30.636  22 

tl,02S,46I,60 

1372.61 6.  OS 

1666.328. 55 

1  one  fact  wius  more  in  evidence  in  this  building  than  the            i 

gndous  havoc  which   the  fire   played  with   the  very  large             ' 
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quantities  of  marljlo  ua«l  in  wainscots^  bases,  floors,  etc.  The 
floor  arclies  were  literalli^  covered  with  miirble,  broken  and 
lifeiess.  The  marble  xslair  treads  and  landings  were  alj^o  gone 
througliout. 

The  Merchants  National  Bank  Building.  —  This  was  a 
Beven-story  Imilding  with  loLid-l Hearing  walk  of  granite  on  the 
Btreet  fronts.  The  items  of  especial  interest  are  briefly  as  fol- 
lows: Granite  walla  facmg  the  worst  exposnreii  were  liadly 
damaged^  fire  loss  52  per  cent.  Ten-inch  semi-porous  end-con- 
struction tile  arches  in  almost  perfeet  condition^  owing  largely 
'to  the  dividii^g  wcl>s  of  the  arch  blocks  which  were  about  one 
inch  thick.  Brick  column  coverings  were  intact  and  uninjurcil. 
Partitions  of  4-inch  tile  badly  damago<L 
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1890.  While  neither  as  high  nor  &s  large  in  area  as  moat  of 
the  structures  previously  described,  yet  the  exposure  was  severe 
and  the  damage  considerable,  including  the  apalling  and  break- 
ing of  stone  and  facL^brick  in  exterior  wails,  and  tlie  complete 
destruction  of  all  interior  finish^  combustible  and  othen^'iBe. 
Nevertheless,  thisj  building  furnished  a  remarkable  example  of 
the  ability  of  terra-cot ta  flix>r  arches  to  withstand  severe  t«st 
by  fire,  and  a  careful,  penxjnal  inspection  of  the  interior  shortly 
after  the  fire  fully  convince<l  the  writer  that  terra--f^otta  fltnir 
arches  J  combining  proper  material,  adequate  mass,  and  careful 
workmanship,  will  answer  every  requirement  under  fire  test 
which  could  reasonably  l>e  expected  of  them. 

The  blocks  were  of  old-style  Ran  tan  manufacture,  ponuiH, 
aide  cotLStniction,  10  inches  deep,  but  of  small  size  and  thick 
webs,  Tlie  setting  had  evidently  been  carefully  and  con- 
seientioiialy  done.  Excepting  Home  of  the  lower  faces  which 
were  broken  off  on  the  sixth  floor  where  the  fire  was  very  hot, 
tiie  arches  were  in  almost  perfect  condition  (see  Pig,  40). 

The  4-incb  tile  partitions  did  not  fare  so  well.  They  were 
mostly  standing,  but  unstable  and  damag<xl. 

Tlie  adjusted  fire  lows  was  as  follows: 


Sound  value. 


Loss. 


_l  oonditio&A 

arion  and  toaaoiiry,  footiofs  and  basement.. 

!  and  brown  atone. ......... ........  — 

t  and  face  brick. 

i and  ai^phult  Roora »,*<.. 

pfimf ...,,, ,♦,»,.-♦♦ 

-^blB ..,. 

1  wire  Itilh . ,  * *..... 

Dotal  work 

i  Iron ..,,..♦  +  .. 

alifoa *.,...,,♦..*,. 

ire  glaas. , , , 

:        ■  uratinK. ,...♦. 

, n;i  rough 

ind  v'onfciiatiiig....,,  ^ ♦*.,^,*- 

.  pent ry ...,.., »....., 

I  ./ntry. « » , 

UtvaLurtj ,,,... '* — 

Elfletrio  wiring  &^d  goa  lixturea 

1^  ^1u«»  «peci§catioDB*  and  superintending,  5  per  cent 
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7,eoo 
3,iyo 

1.060 
2,760 
20plH0 
7,850 
1,025 
1,7S0 
1,090 
4,772 
6,540 
1,878 
a,M2 
4,625 
1.331 


SI09,524 
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1532.00 
150.00 
flJ75.00 
5.200.00 
1,000,00 
2,10Q.OO 
2,900,00  I 
],6«t).0Ol 
2,420,00  ■ 

150.00 
2,Cf32.00 
hG2bM 
1,760,00  1 
fl50  UOI 
1,710  OOi 
e, 340.00 
1,-77,77 
2,775  00 
2,050,00 
1.20a,O0 
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Low  BtlUdingS.  —  A  number  of  low  tjank  buildinpfs  (generall: 
one  or  two  t^torie«  in  height )  within  tlie  burned  area,  escaptM 
with  comparatively  little  tlatnage*  This  was  due  in  part  U 
their  sheltered  locations,  but  prineipally  to  the  fact  that  tb 
maximum  heat  and  attack  of  the  conflagi'ation  traveled  high 
and  hence  over  the  low  stmctures.  Most  of  them,  however 
were  partiiilly  wrecked  by  the  falhng  walls  of  adjaceiit  or  neariij 
buildings,  and  irt  ssorne  cases,  where  the  exposure  was  severe 
tl:ie  interiors  were  biiraed  out. 

The  lesson  taught  by  these  buildings  ia  that  roofs  of  Io\\ 
structures  must  be  espt^idally  strong  to  withstand  the  precipi- 
tation of  debris  fconi  neighboring  walls,  etc, 

€on€ret«  Cuiis true t Ion  in  Baltimore  Fire*  —  Com|:>etent 
authorities  are  quite  diverse  in  their  r>pmions  regarding  the  fin 
test  of  eoncrote  coostruetion  in  the  Balliniore  fire. 

The  repori.  of  the  National  Fire  Pn^tection  Assoeiation  Com- 
mittee contaius  the  following: 

Reyeral  of  the  low  liiiildings  and  the  four-story  building  oi 
the  Unitetl  States  Fidelity  and  Guaranty  C  •ompany  had  concrete 
fliXJr  arches.  In  the  low  Ijuildings  tlie  test  of  the  arches  was  nol 
severe,  but  the  upper  floors  of  the  four-titory  building  w  ere  sub- 
jecited  to  severe  heat.  Also  in  speaking  of  the  latter  building. 
All  coner(^te  floors,  l>eains,  and  columns  are  intact  and  appar- 
ently in  go<>tl  condition,  except  some  of  the  front  floor  arches*  on 
the  third  and  fourth  floors  which  have  cracked  and  sagged 
slightly*  Tlie  comers  have  brok<'ii  off  of  concrete  columns  and 
girders  on  fourth  floor,  exposing  part  of  the  reinforcing  metal, 
.  .  .  The  indications  are  that  w4iile  the  heat  was  severe  in  this 
liuilding,  particularly  in  the  front  parts  of  the  third  and  fourth 
floors,  the  temperatures  were  not  extreme. 

On  the  other  han«1f  Prof.  Charles  E.  Norton  states  in  Repori; 
No.  Xlli  of  the  Insurance  Engineering  Experiment  Station,  on 
"The  CJonflagration  in  Baltimore^': 

The  building  of  the  Ignited  States  Fitlelitj'  and  Guaranty 
Company  is  an  interesting  example  of  reinforced  concrete.  As 
ne^r  as  I  (*ould  ascertain,  it  was  subjected  to  a  severe  fire^  ancl 
1  found  evidence  of  temperatiu"ea  up  to  the  softening  point  of 
C!i.st-iron,  The  condition  of  the  lower  part  of  the  structure  and 
apparently  of  the  wliole  structure  t^howed  the  great  fire-resisting 
powers  of  this  type  of  building. 

General  Deducllons:  Baltlfnore  Fire-  —  The  Baltimore 
conflagration  served  to  luring  home  to  architects,  engineers, 
contruatorSf  and  manufacturers,  a  vast  number  of  very  vital 
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and  practical  irutlis  relative,  to  the  theory  and  prMctico  of  fire 
proleclion,  none  of  which  were  new,  but  all  of  which  wero  so 

■  emphasized  in  tlii«  experience  as  to  leave  no  adequate  excu.se 
for  their  disregard  in  later  practice.  Many  of  the.se  have 
already  been  toutrhed  upon  in  the  pre\ious  detailed  de.scriptiona 
of  the  various  buildings,  and  many  more  will  be  considered  at 
even  more  length  in  various  chaptera  pertaining  to  particnlar 

■  features  or  details  of  construction  j  but  the  great  lessons  empha- 
eixtnl  by  this  fire  were,  briefly,  (a)  the  necessity  for  protection 
against  the  **  exposure  hazard,^^  which  is  conpidercni  nt  more 
length  in  Chapter  XIV,  and  (h)  the  prevalence  of  skimped  or 
filiglited  work  (which  is  discnsseyl  at  more  length  in  Chapter  X 
and  elsewhere),  and  the  improper  use  of  pniper  materials,  aa 
H  will  be  pointed  out  in  varioiLS  following  chapters, 
™  The  Bochester  Fire-  —  T^ess  than  three  weeks  after  the 
Baltimore  conflagration,  a  serious  fire  occurred  in  Rochester, 

»N.  Y>,  involving  a  loss  of  about  §3,^300,000,  On  February  25 
and  26,  1904,  the  so-called  "Granite  Building"  fire  again  demon- 
st rated  the  folly  of  neglecting  the  most  ordinarj^  precautions 
against    exposure    hazards,    revealing    an    intercommunication 

1  between  what  would,  at  that  time,  have  been  called  a  fire- 
resLsting  building,  and  other  buildings  which  were  not  only 
non-fire-i^esisting,  but  most  dangerous  haKards. 
At  the  corner  of  St.  Paul  and  Main  Streets  was  the  thirteen- 
Btory  Gninite  Building,  with  self-supporting  walls,  enclosing 
an  iron  framework  of  circular  cast-iron  eoltimns  and  nteel  I-beam 
girders  and  floor  beams.  The  floor  arches  were  generally 
12-ineh  end  construction  porous  terra-eotta,  with  three  cavities 
and  1-inch  webs,  the  skew  backs  dropping  beiow  the  beam  flanges 
in  order  to  hold  dovetailed  flange  tilra.  The  columns  were 
enca^stxl  by  1 J -inch  solid  porous  terra-cotta,  and  partitions  were 

II  of  4*inch  tile  with  wooden  strips  at  the  top. 
L  The  street  floor,  basement,  and  five  stories  of  the  north  wing 
■of  this  building  were  occupied  by  a  dry-goods  company,  which 
■  also  occupied  the  whole  of  the  adjacent  five-story  ordinary  con- 
iBtruetion  building,  as  well  as  a  wholesale  building  of  seven 
i«tories,  alsf>  of  unprotccteil  construction,  which  was  only  sepa- 
f  rated  from  the  tiranite  Building  by  a  35-foot  alleyway.  Between 
the  Granite  Building  and  the  adjacent  store  on  the  east  there 
existed  unprotected  communicating  openings  at  the  tirat  to 
fifth  stories,  these  aggregating  not  less  than  2000  square  feet; 
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while  the  wholesale  building  to  the  north  vva«  connected  with 
the  Ciranite  Building  by  means  of  an  arcade  or  tunnel  under 
the  alleyway,  and  also  by  a  bridge  with  openings  at  the  second 
to  fifth  floors,  these  latter  being  protected  by  rolling  iron  shut- 
ters. A  light  muTi  with  many  unprotected  windosvs  also 
indented  the  easterly  wall  of  the  Granite  Building, 

The  fire  originated  in  the  fourth  building  from  the  corner 
occupied  by  the  (Iranite  Building,  and^  ujK>ti  the  destniction 
of  the  intervening  structures  and  of  the  wholesale  store  and 
other  ndnor  stables  to  the  north,  entered  the  Granite  Building 
through  the  openings  previously  described,  and  through  the 
court  windows* 

The  result  to  the  Granite  Building  included  a  fairly  complete 
Bweep  of  fire  from  basement  to  roof,  although  on  no  floor  were 
all  comb ui?t.il lie  materials  consumed.  The  lower  flanges  of  the 
floor  arc!i  tiles  were  broken  off  in  considerable  quantities  rm 
the  tenth,  eleventh,  and  twelfth  floors,  this  source  of  damage 
decreasing  as  tlie  lower  floors  were  reached.  Only  small  sec- 
tion.s  of  the  (*oIumn  protections  were  df>wn  or  broken,  but  the 
partitions  were  generally  weak  and  unstable  owing  to  the  bum-  «j 
ing  out  of  the  wooden  top  strip.  All  marble  wainscoting  and  ^ 
stair  treads  were  destroyed,  but  slate  treads  in  the  upper  stories 
were  in  good  condition* 

a\ltop;ether  the  lesson  to  be  drawn  from  this  fire  is  similar  to 
that  offered  by  the  Home  life  Building  previously  described, 
except  that  the  conditions  were  greatly  aggravated  by  the  un- 
protected communicating  openings.  **From  the  fire*protection 
point  of  view  these  openings  were  almost  inexcusable  under  any 
circumstances,  and,  when  unclosed  by  doors,  shutters,  or  any 
device  for  checking  fire,  as  was  the  case  here,  their  existence 
falls  little  short  of  crimimd  carelessness."* 

San  Fraticlsca  Conflagration.  —  The  conflagration  which 
destroyed  the  larger  part  of  Han  Francisco,  April  18  to  21,  1906, 
constitutwl  the  greatest  fire  in  the  history  of  the  world.  The 
devastated  area  comprised  4.05  square  miles,  or  2503  acres  of 
closely  built  city  property,  of  which,  314  acres  compri.sed  the 
congested  area  of  the  city.  Four  hundred  and  ninety  blocks  of 
buildings  were  entirely  destroyi]^!,  and  thirty-two  blocks  par- 
tially destroyed.  A  comparison  of  the  areas  destroyed  in  the 
Chicago,  Baltimore,  and  San  Francisco  conflagrations  ifl  shown 

*  Eneineermg  News,  March  10,  1004, 
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ID  Fig.  1.  The  property  loss  in  the  San  Francisco  fire  was  ubout 
$500,000,000,  about  one-half  of  wliich  wa.s  covered  by  inaiu'orice. 
Eight  huo(lred  h'vra  are  also  bdicvtxl  to  have  Ix^eu  lost  througfi 
the  earthquake  and  fire,  rdthouf^h  tlie  offieiiil  count  was  less. 

Condilion  of  €lty  froiii  Fire  Protectlfin  Standpoint.  — 
"San  Francisco  was  little  prepared  to  fight  a  eonfiagration 
under  the  existing  conditionij.  Ever  since  the  nix  devastating 
fires  of  the  period  fn>ni  1841*  ttj  1852  the  people  had  evideotly 
relied  on  the  excellence  of  the  fire  department  (aub.si^qucntly 
organizecl),  the  damp  atmosphere,  and  Ihe  tradition  that  red- 
wood, which  composed  the  exterior  of  00  per  cent,  of  the  struc- 
tures, would  nf>t  bum.  Dwellings  were  not  protected  against 
fin^.  cither  froitj  within  or  without,  and  the  Bamc  may  be  said 
of  most  of  the  boarding  houses  and  even  of  sonic  of  the  public 
hotels.  There  were  few  chemical  extinguishers,  private  water 
HUpplies  or  other  fire  apparatus  in  existence.  In  tln^  congested 
business  district,  buildings  that  had  ample  modern  means  of 
fire  prevention  within,  or  protection  against  tire  from  without, 
were  the  exception  rather  than  the  rule.  Few  buildings  had 
metal  shutters,  wire  glass  windows,  sprinkler  t^ystems  (interior 
or  exterior)  or  private  wells,  tanks  or  pumps.  Some  buddings, 
where  these  preventives  were  infltalled,  were  saved,  although 
surrounded  by  fire."* 

In  fact,  conditions  in  San  Francisco  were  sii  bad  from  the 
standpoint  of  fire  protection,  that  the  report  on  that  city  issued 
by  the  Committee  of  Twenty  of  the  National  Board  of  Fire 
Undenvriters,  in  October,  1905,  some  six  months  before  the 
fire,  8umine<i  up  the  conflagration  hazard  in  the  following 
prophetic  words: 

Conflagratwn  Hazard.  —  Potential  Hazard.  —  In  view  of  the 
exceptionally  large  areas,  great  heiglit.s,  numerotis  unprotected 
openings,  general  absence  of  fire  l^reaks  or  stops,  highly  combus- 
tible nature  of  the  buildings,  many  of  which  have  sheathed  walls 
and  ceilings,  frequency  of  light  wells  and  tlie  presence  of  inter- 
spersed frame  buildings,  the  potential  hazard  is  very  severe. 
Probahilitij  Feature.  —  The  above  features  combined  with  the 
almost  total  lack  of  sprinklers  and  absence  of  modem  protective 
devices  generally,  muiierous  and  mutually  aggravating  confla- 
gration breeders,  high  winds  and  comparatively  narrow  streetSi 
make  the  probability  feature  alarmingly  severe. 

♦  See  Prof.  Frank  Soutf-,  In  Bulletin  Ng.  324  of  United  States  Geolo^^caL 
By^evBy,  "TJae  San  Francisco  EartbQuukiJ  and  Fire„"  p.  13H. 
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Summary.  —  While  two  of  the  five  sections  into  which  the 
congested  value  district  is  divided  involve  only  a  mild  confla- 
gration hazard  within  their  own  limits,  they  are  badly  exposed 
by  the  others  in  which  all  elements  of  the  conflagration  hazard 
are  present  to  a  marked  degree.  Not  only  is  the  hazard  extreme 
within  the  congested  value  district,  but  it  is  augmented  by  the 
presence  of  a  compact  surrounding  great-height,  large-area  frame 
residence  district,  itself  unmanageable  from  a  fire-fighting  stand- 
point by  reason  of  adverse  conditions  introduced  by  the  topog- 
raphy. In  fact,  San  Francisco  has  violated  all  underwriting 
traditions  and  precedent  by  not  burning  up.  That  it  has  not 
done  so  is  largely  due  to  the  vigilance  of  the  fire  department, 
which  cannot  be  relied  upon  indefinitely  to  sta\^  off  the  inevitable. 

Statistics  of  Buildings  Burned.  —  The  number  of  buildings 
within  the  burned  area  was  estimated  at  20,000.  Of  these  there 
survived  in  a  partly  habitable  condition: 

(1)  Three  groups,  i.e.,  a  hilltop  group  of  detached  dwellings 
on  Russian  Hill,  a  group  of  warehouses  at  the  foot  of  Telegraph 
Hill,  and  a  mercantile  group  near  the  custom  house. 

(2)  A  factory  plant,  i.e.,  the  Western  Electric  Company's 
branch,  the  California  Electric  Company. 

(3)  Three  United  States  Government  buildings,  i.e.,  the 
Mint,  the  Postoffice,  and  the  Appraisers*  Building;  also  part  of 
the  Hall  of  Justice. 

(4)  Two  fireproof  office  buildings,  i.e.,  the  Hayward  or 
Kohl  Building,  with  a  three-story  building  adjoining,  and  the 
Atlas  Building,  with  a  two-story  building  adjoining. 

There  also  survived,  in  uninhabitable  condition,  but  gen- 
erally with  structural  integrity,  all  but  four  of  the  other  fireproof 
buildings,  namely  38,  of  which  15  were  mercantile  and  the  rest 
of  oflice  or  dwelling  occupancy;  also  six  steel  frames  of  unfinished 
fireproof  buildings.  There  was  but  one  fireproof  building  of 
over  two  stories  in  height  totally  destroyed,  the  Altamont  Apart- 
ment House,  which  was  dynamited. 

Within  the  burned  district  not  only  did  all  frame  buildings 
s'lccumb,  but  also  all  brick  buildings  having  wooden  floor  beams 
succumbed,  whether  their  construction  was  good,  bad  or  in- 
different of  its  kind,  and  with  more  or  less  complete  structural 
ruin  in  nearly  every  case  except  that  of  the  Palace  Hotel.* 

Of  the  54  fire-resisting  buildings  partially  or  wholly  destroyed, 

8  were  of  steel  frame  and  terra-cotta  floor  arches, 

29  were  of  steel  frame  and  reinforced  concrete  floor  arches, 
2  were  of  reinforced  concrete  frame  and  floors, 

9  were  of  brick  walls  and  fire-resisting  floor  construction, 
6  were  uncompleted  and  unenclosed  steel  frames. 

*  Report  by  Mr.  S.  A.  Reed,  Consulting  Engineer,  to  National  Board  of 
VnderwrJtora. 
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Bamage  to  Fire-resisting  Buildings.  —  U  is  inipo.'^sible, 
within  tbe  scope  of  thi^  handbook,  to  give  tlclailed  descriptions 
of  the  fire  damaj?*^  which  resulted  t-o  the  fifty-four  fire-resisting 
buildings  mentioned  in  the  last  paro^riiph.  A  careful  study  of 
nearly  all  of  them  will  well  repay  the  attention  of  arcliite«ts  or 
fire  protection iKts.  Nuniortjus  articles  and  reports,  and  even 
^evenil  good-sized  volumes  have  been  written,  principally  about 
the  so-callef.1  "fireprwjf^  buildings*  The  following  are  wortliy 
"of  especial  attention: 

**The  San  FriiUL-isco  Earthquake  and  FirCj"  by  Grove  Karl 
(filbert.,  Richmd  I^wis  Humph  rey^  John  Stephen  So  well  and 
Frank  Soule,  issued  m  Bulletin  No.  324  of  the  Department  of 
Interior  of  the  United  States  Geological  Survey. 

Report  to  the  National  Board  of  Fiie  Undei'W'nterfS,  by  Mr*  S. 
A.  Heed,   Consulting  Engineer  to  the  Conmiiltee  of  Twenty. 

Report  of  a  general  conunittee  an<l  of  six  special  committeea 
of  the  San  Frfmeisco  Associiition  of  McmlK*rs  of  the  American 
Society  of  Civil  Enginc<:?rs  with  discussions,  Transaction.^  Am. 
Soc.  C\  E\,  Vol.  LIX,  page  208. 

'*The  Sun  Francisco  Earthquake  and  Fire/-  by  A.  L.  A. 
Ilimm  el  Wright,  C.  E.,  published  by  the  Roebling  Construction 
Compmiy. 

"Trial  by  Fire  at  San  Francisco,"  published  by  the  National 
FlreproofinR  Company. 

A  carcfid  perusal  of  these  and  other  less  noteworthy  reports 
will  reveal  a  wide  divergence  of  opinion  regarding  many  phases 
of  the  fire  damage  done  io  liuildingH,  particularly  iva  regards 
the  old  and  vexed  question  of  concrete  vs,  terra-cotta  con- 
struction. This  subject  will  be  diseusse*i  at  some  lenglh  in 
later  chapters,  but  it  does  not  affect  at  all  many  broad  di^hic- 
tions  from  the  San  Francisco  fire,  upon  w  hich  nearly  all  of  those 
who  have  carefully  investigated  the  subject  have  generally 
agreed. 

General  Deductions  from  San  Francisco  Fire— ^ The 
great  lessons  taught  by  this  fire  were  precisiely  thoHc  brought 
out  by  the  Baltimore  experience,  namely,  the  necessity  of  pro- 
tection against  exposure  hazard  and  of  auxiliary  equipment  or 
prol-eetive  devices  for  coping  with  fire,  and'the  imperative  need 
of  using  and  applying  fire-resisting  materials  in  more  mass, 
with  Lietter  workmanship,  and  witli  more  care  as  to  intelligent 
application* 
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Mr.  Reed,  in  the  report  before  mentioned,  gives  the  following 
as  his  conclusions: 

The  importance  of  both  front-  as  well  as  rear-  and  side-win- 
dow protection,  fire-resistant  if  possible,  but  at  any  rate  fire- 
retardant. 

The  importance  of  encouraging  individual  protection  by 
occupants  of  buildings. 

The  importance  of  fire-resisting  roofs,  roof  structures  and 
of  well-protected  skylights. 

The  importance  of  ample  water  supply  and  pressure. 

The  importance  to  the  fire  department  of  a  large  reserve  of 
hose,  and  of  apparatus  of  longer  range  and  heavier  caliber.  The 
latter  need  not  be  limited  by  the  same  conditions  of  quick  re- 
sponse to  alarms  as  ordinary  apparatus. 

Restriction  upon  the  use  of  explosives  in  conflagrations. 

In  hollow  tile  for  fireproof  building,  the  importance  of  im- 
proved sections  giving  greater  strength  to  lower  webs. 

The  importance  in  partitions  of  a  better  bracing  of  tile,  and 
the  importance  of  fire-retardant  transoms  as  well  as  doors. 

The  importance  of  better  protection  to  the  steel  frame  in 
roof  attics. 

The  importance  of  good  bricklaying  and  mortar  with 
cement  instead  of  lime. 

The  encouraging  possibilities  of  reinforced  concrete,  and 
the  importance  of  good  engineering  in  its  installation. 

The  necessity  of  adopting  standards  for  colunm  protection. 

It  has  been  considered  a  reasonable  assumption  that  a  con- 
flagration destroying  the  business  part  of  a  city  would  still  prob- 
ably be  checked  in  the  brick  dwelling  quarter.  The  experience 
of  San  Francisco,  whose  dwelling  district  was  almost  entirely 
frame,  cannot  be  considered  a  ground  for  changing  this  view. 

Prof.  Frank  Soule  derives  final  conclusions  as  follows: 

The  lessons  taught  by  the  great  fires  of  Boston,  Chicago 
and  Baltimore  have  been  verified  by  San  Francisco^s  experience. 

Fireproofing  should  be  of  the  most  perfect  type,  and  no 
reasonable  expense  should  be  spared  in  its  installation. 

Roofs,  roof  appurtenances  and  skylights  should  be  given 
ample  protection  against  fires  from  without.  A  great  excess  of 
fire  hose  and  apparatus,  beyond  ordinary  needs,  should  be 
available.  A  strong  bond  for  fireproof  tiling,  etc.,  for  both  girder 
and  column  protection,  is  essential.  Protection  for  front  win- 
dows, as  well  as  for  side  and  rear  ones,  is  of  vital  importance. 
Good  protection  for  steel  frames  and  steel  roof  trusses  in  attics 
or  other  exposed  or  unusual  places  should  be  provided.  Liberal 
use  should  be  made  of  fire  retardant  in  windows,  doors,  transoms, 
etc.  Wise  and  liberal  use  of  concrete  and  reinforced  concrete 
for  girder  and  column  fireproofing  has  proved  its  saving  quality. 
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fire  proteotion  and  prevention  by  \vollf4,  pumpH,  sprink- 
water  tanks  vastly  Irasen  tire  risk, 

»r  Building  Fire*  —  The  buniinR  of  the  twelve-story 
Buililmg  at  Fourth  avenue  and  l!)th  strf^ett  New  York 
the  night  of  January  10,  1908,  is  of  particular  interest 
inh  as  this  conatitutev^  the  first  ctuse  on  record  where  a 
.  ''fireproof^'  building  has  suffered  such  great  damage 
;  originating  on  the  premisea.  That  a  supposedly  fire- 
building,  in  the  largo.st  city  of  the  United  States,  could, 
>f  the  protection  affordwl  by  an  efficient  fire  depurtment, 
losa  to  the  structure  of  sixty-five  per  cent,  of  it:^  sound 
id  a  practically  complete  loss  of  contents,  shows  that 

buildintc  was  md  lire-rcj^isting,  or 

fire-resisting,    necessary   auxiliary  equipment   waft  not 

for  the  detection  and  hja;htinj^  of  fire,  or 

fire  department  w^as  not  as  efficient  as  should  reasonably 

^ted, 

natter  of  fact,  all  three  of  these  conditions  contributed 

58UU. 

uUding,  built  in  1900,  was  originally  designed  Q3  a  mer- 
tructure.  The  street  walls  were  limestone  in  two  stories, 
mt  of  presseil  brick,  with  ferra-cotta  sills  and  lintela. 
tie  second  floor  the  walls  were  supporttxi,  story  by  story, 
piandrei  beams.  Cast-iron  columns  were  used  through- 
ept  in  roof  houttew)^  round  for  interior,  and  square  for 
imns,  varying  in  size  from  15  by  2  in  eh  as  in  liasement 
J  inehes  in  t-op  story,  standard  brackets,  lugs  and  con- 
throughout.  The  floor  framing  consisted  of  lo-inch 
Rirdert?  running  east  and  west  between  the  coliimriSj 
nch  I  floor  beams  running  north  and  south.  Floor 
»rere  S-inch  aemi-porous  side-construction  terra- eotta, 
IK  IJ  inches  below  the  beams.  Hence  the  effective 
the  archea  was  but  G.j  inches^  over  which  was  an  85 -inch 
der  concrete  filling,  adding  much  to  the  dead  loiid, 
ributing  little  or  nothing  to  the  strength. 

^tigation  of  the  strength  of  the  various  arches  used 
the  fact  that  they  were  extremely  weak  for  the  spans 
1.  The  allowable  load-carrying  capacities  of  the  ari:ht»a 
•  and  6*fr>ot  spans  w  ere  .5  and  35  pounds  per  square  foot, 
dy,  over  and  above  the  dead  loads;    i.11  oUi^r  vjotda. 
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any  live  loads  averaging  in  excess  of  these,  on  the  floor,  would 
introduce  stresses  in  excess  of  those  allowable  by  good  practice. 
This  is  also  true  to  a  lesser  extent  in  the  case  of  the  4 J-  and  5-foot 
spans. 

These  shallow  arches  were  not  only  too  weak  for  the  spans, 
but  their  live-load  capacity  was  considerably  reduced  by  the 
unusual  amount  of  cinder  fill.  At  the  large  roof  house  the  dead 
load  alone  exceeded  the  allowable  safe  live  load,  the  cinder  fill 
at  this  point  being  in  excess  of  30  inches.* 


The  lower  flanges  of  girders  were  unprotected  save  by  plaster. 
Soffits  of  floor  beams  were  protected  by  li-  to  IJ-inch  solid 
flange  tile  held  in  place  by  lips  on  skewbacks.  Column  pro- 
tection consisted  of  a  2-inch  covering  of  porous  terra-cotta, 
the  blocks  having  a  1-inch  thick  shell  with  1-inch  ribs  or  flanges. 
Column  coverings  were  generally  cut  to  accommodate  electric 
conduits  (see  Fig.  55).  Partitions  enclosing  stair  and  elevator 
halls  and  corridors  were  of  3-inch  terra-cotta  blocks,  but  with 
wood  bucks,  wood  doors,  and  wood  framing  and  casings  at 
large  window  areas. 

Spread  of  Fire.  —  Before  the  arrival  of  the  fire  department, 
the  fire  gained  tremendous  headway  for  several  reasons.  No 
equipment  existed  for  the  automatic  detection  of  fire;  the  fire 
was  not  discovered  promptly  by  watchman  or  tenants;  unpro- 
tected stair  and  elevator  shafts  acted  as  flues,  and  caused  the 
communication  of  fire  from  floor  to  floor;  the  corridor  partitions 
were  totally  unsuited  to  resist  fire,  in  fact  they  contributed  no 
small  amount  of  fuel;  and  the  building  did  not  contain  those 
auxiliary  aids  to  control  fire  once  started,  which  should  have 
been  present  in  a  building  of  this  character  and  tenantry.  The 
fire  was  soon  beyond  all  control. 

The  writer  happened  to  be  at  the  site  of  the  fire  in  question 
when  the  alarm  was  turned  in,  and  before  a  single  engine  had 
arrived,  and  when  flames  had  broken  through  only  a  few  of  the 
fifth-story  windows  on  19th  street,  the  fire  could  be  plainly  seen 
through  the  closed  iron  shutters  on  the  east  wall,  working  up 
rapidly  from  story  to  story  through  the  open  stair  well  at  that 
location,  until,  as  the  upper  floor  was  reached,  the  flames  spread 
out  umbrella-like,  enveloping  the  upper  story,  and  then  worked 
downwards  again  through  other  shafts.f 

*  Report  of  Mr.  W.  C.  Robinson  to  New  York  Board  of  Fire  Underwriters. 
f  See  "Fire  Prevention  in  High  Buildings.    The  Need  of  Auxiliary  Equip- 
ment,"  by  J.  K.  Freitag,  in  Engineering  Magazine,  February,  1908. 
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The  Fire  Darnage.  —  About  an  hour  and  a  half  after  tbe  start 

f  of  the  fire,  when  the  building  was  burning  fiercely  from  the  fourth 

J.jBtory  lip,  all  floors  of  a  section  approximately  40   by  21   feet 

uddenly  collapsed,  killing  three  firemen p  and  Heriously  injuring 

Durteen  utbers.     Anotlnr  ci>ll!L[)se  of  a  portion  of  the  twelfth 

Dor,   roof  and  rtKjf  hoiiKe  oi^eiirred  later.     The  first  and  far 

nore  serious  eoUap.se  wui?  due  tt>  the  failure  of  the  ca.st-iron 

wltiinns,  owing  to  the  giving  way  of  the  proti^tive  e(>%^ering8> 

Abimt  one-fourth  of  all  eolumn  coveringn,  although  m«)*ttly  in 

position,  wtii*  badly  damagetl,  largr^ly  due  Uy  the  expansion  of 

iie  tile  ili^elf,  the  lack  of  proper  af)|>lic:ation  and  lx>nding,  and 

HO  to   the  tlistortion  of  the  raetiil  eonduitt^  rut  intrj  the  tile 

Dverings,     The  seeond  great  item  of  structural  damage  \\i\a 

Jhe  failure  of  many  floor  arehes.     Al)out  222   P<'r  Qent,  of  the 

L>tal  number  either  fpll>  jna^t'd  or  were  bmlly  c  racked,  prinej pally 

eefiUJ?e  unable  to  withstand  the  impaet  of  falh'ng  tlebris.     Far- 

^tions  generally  collapsed. 

The  sound  value  of  the  building  Wiis  $562,743,  of  which  the 
i  value  wiis  $361>,(XKJ  or  ti5.5  per  eent. 
The  Chelsea  Conflagration  oecurretl  on  Sunday,  April  12, 
l?K)S,  ending  in  the  destruction  of  approximately  one-half  the 
imprf»vf*d    area   of    the    city   of    Chelsea.    Mass.     Abtjut    3500 
buildings  were  burned,  covering  an  area  of  nearly  275  acres, 
'Students of  ftre-protection  engineering  wilt  lind  in  the  Chelsea 
little  of  scientific  interest,  but  muntrifjul  authorities  might 
It  by  the  lessons  it  teaches.*** 

Chelsea  eannot  be  considered  blameless  for  this  eonflagra- 

liou.     The  officials  fully  realized  the  CHjnditions.     Both  water 

iWrd  and  fire  department  had  asked  for  improvements  but  tho 

l^ldermen  refused  to  grant  appropriations.     Fire  protection  that 

*i originally  ample  should  keep  pace  with  ihanged  eonditions  in 

iSties  and  almost  invariably  cities  fail  to  recMtgnisee  these  changed 

onditions.     In  the  case  of  Chelsea,  however,  it  proved  to  be 

ot  so   much   defective   water  works  and  fire  department   as 

^adequate  building  laws  poorly  enforced,  and  the  admiltanre 

jf  an  irresponsible  foreign  population  supposed  to  be  favorably 

udioed  to  incendiarism* 

Conclusions,  —  The    most    notable    facta    which    this    fire 
Emphasizes  are  as  follows: 

L  The  dangerous  nature  of  piteh  or  mansard  shingle  roofs, 

'  Ertracus  /mm  report  oo  tho  ('hflsjTi  conflainTition.  by  Gorbam  DaQu,  in 
I?iitioQaJ  fire  Protection  Aoooajiticit]  "  Quarterlj'/"  JuJj%  1908. 
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frame  porches,  piazzas  and  accessory  woodwork  in  spreading  a 
conflagration. 

2.  The  complete  failure  of  any  roof  supported  by  unpro- 
tected steel  or  iron  to  withstand  any  but  the  smallest  fire. 

3.  The  need  of  good  window  protection  where  the  sweep  of 
the  flames  is  parallel  to  division  walls  and  the  necessity  of  blank 
walls  or  properly  protected  window  openings  and  parapet  walls 
at  right  angles  to  prevailing  winds. 

4.  The  vulnerabiUty  of  any  ordinary  buildings  to  sparks 
and  embers,  provided  the  bombardment  be  long  enough,  even 
though  the  space  separating  them  from  the  burning  buildings  is 
great. 

5.  The  slight  value  of  streets  of  ordinary  width  in  holding 
a  fire  when  there  is  strong  wind  blowing  and  the  fighting  force 
is  scattered. 

6.  That  the  safest  way  to  store  oil  in  large  quantities  is  in 
well-made  boiler  iron-riveted  tanks  having  covers  of  the  same 
material  with  large  automatic  relief  valve,  all  well  supported  on 
brick  or  concrete  piers. 

7.  That  municipalities  cannot  violate  the  laws  of  good  con- 
struction and  fire  protection  without  inviting  conflagration. 

8.  That  the  Metropolitan  water-works  system  is  shown  to 
be  exceedingly  valuable  for  cities  which  it  serves  as  it  successfully 
withstood  the  extraordinary  draught  caused  by  this  conflagra- 
tion, although  the  Chelsea  mains  were  not  adequate  in  size  nor 
properly  gridironed. 

9.  That  more  cooperation  is  needed  between  city  officials 
and  insurance  interests  in  regard  to  protection  against  fire.* 

The  Asch  Building  Fire,  possibly  better  known  as  the 
** Triangle  Waist  Company"  fire,  occurred  on  March  25,  1911, 
with  an  attendant  loss  of  life  which  greatly  shocked  the  civilized 
world.  To  the  experiences  of  the  Windsor  Hotel,  the  CoUin- 
wood  School  and  the  Iroquois  Theater  is  now  to  be  added  that 
of  a  factory  or  loft  building  fire,  in  which  the  loss  of  life  among 
the  employees  working  eight,  nine  or  ten  stories  above  the 
ground,  totaled  145,  most  of  them  women  and  girls.  The 
disaster  was  especially  analogous  to  the  Iroquois  Theater  fire, 
in  that  both  buildings  were  "fire-resisting"  as  far  as  the  structures 
themselves  were  concerned,  while  both  disregarded,  in  glaring 
deficiencies,  the  safety  of  the  human  lives  contained  therein. 
Unless  past  lessons  are  heeded  it  is  only  a  question  of  time  until 
the  department  store  and  the  office  building  add  these  re- 
spective types  of  structures  to  the  pyres  of  modern  civilization. 

*  ExtractB  from  report  on  the  Chelsea  conflagration,  by  Gorham  Dana,  in 
National  Fire  Protection  Association  "  Quarterly,"  July,  1908. 


Fio.  41.  — AmcH  Building  Fire,  New  York. 

fote  tho  ineffecliveneaji  of  the  puwerfiil  hose  sfream  directed  from  the 
toward  the  window  on  the  10th  Boor.  The  portion  of  a  stream  shoviTi 
I  dlremfl  left  la  from  a  water  tower.  This  enters  tho  lOlli  floor  at  a 
rhAt  more  eHective  angle^  but  atitl  ineETcctive  a  few  feet  back  from  the 
The  two  Httiall  fltrcama  eDtering  the  1 0th  floor,  hs  shown  in  the  upper 
iftod  corner  of  the  picture^  are  directed  from  a  building  across  a  fifty-foot 
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The  Building*  h  a  Icrv-Ktory  k>ft  building,  built  in  1!K)C)-1901, 
situated  at  the  corner  of  Washington  place  imd  Greene  street, 
New  York  City  fsee  Fig.  41).  The  k)l  area  Is  practically  100  feet 
square  which,  less  open  courts  an  two  skici^,  leavoH  typical  floor 
aretifl  of  aljout  9000  .squarr;  feet.  The  construction  is  aa  ii8ual 
in  such  buildings  in  New  York,  tnz.j.  cast-iron  prrjl  cctcd  columns, 
eted  girders  and  floor  beams,  protected  by  hollow  tile  arches. 

Fire-resisting  Equipment  included  automatic  fire  akirms  in 
the  form  of  themioatats,  fire  palls,  a  4-inch  standpipe  in  each 
stair  shaft  (supplied  by  a  2000-gaIlon  tank  on  roof)  ^  with  50  foct 
of  hose  on  each  floor,  and  perforated  pipers  in  basement  and  sub- 
basement, 

Tlw  Damage  to  Building  was  comparatively  alight.  The 
upper  three  floors  were  completely  burned  out,  but  the  struc- 
tural damage  was  srnaU.  Weaknesses  of  design  or  construction 
were  made  manifej^t,  however,  as  follows: 

1.  N  on -waterproof  floors  and  floor  archea  resulted  in  great 
water  damage  to  stock  on  the  floors  l>elow  the  fire» 

2.  Wire  glass  was  shown  to  be  unreliable  for  panels  of  stair 
or  elevator  doora  under  aevere  conditions. 

3.  The  danger  of  auto-exposure,  or  the  communication  of 
fire  from  story  to  story  l>y  means  of  the  windows  in  exterior 
wallsj  was  again  emphasized. 

Occupancy.  —  The  principal  interest  in  connecition  with  this 
lire  centers  in  the  stories  (eighth,  ninth,  and  lentli)  occupied  by 
the  Triangle  Waist  Company,  and  the  condition.s  found  therein. 

On  lli*^  eiglitli  fl(K>r  tliere  were  five  unbroken  rows  of  ^i-foot 
tables,  each  containing  a  double  row  of  sewing  machineB  and 
shirt  waists  in  process  of  manufacture.  These  tables  extended 
from  the  Washington  place  front  (south  wall)  to  within  18  feet 
of  the  north  side  of  the  buikiing.  This  latter  space  was  partially 
filled  with  stockj  princifKiUy  on  tables.  An  isle  si>ace  was  amy 
left  running  east  and  west  along  the  north  side-  The  space 
along  the  east  wall  contained  the  cutting  tables*  Approximately 
275  operators  were  on  this  floor. 

On  the  ninth  floor  there  were  eight  unl>roken  rows  of  4-foot 
tables  each  containing  doul>le  rows  of  sewing  machines  and  shirt 
w^aists  in  process  of  manufacture.  These  tables  extended  from 
the  Washington  place  front  (south  wall)  to  within  10  feet  of  the 

*  For  a  more  complete  description  of  the  building,  mm  report  issued  by  New 
York  Board  of  Fire  ITndcrwrJtcrs  fMr.  F.  J,  T.  Stewart,  Supieiiateadexit},  from* 
nlijch  the  foUowing  quotatiotta  are  taken. 


north  side  of  the  huilding  (t?oe  Fig,  12).  This  lattc^r  npare  at  the 
north  side  wiis  partially  fiUeil  with  stock,  and  ako  mntaineti  an 
aisle  extending  ea^t  and  weat  along  the  uurth  side.  Approxi- 
mately 300  operators  weru  on  this  floor.  Them  were  no  aisl^ 
running  ea.st  and  west  at  the  south  aide  of  the  eighth  and  ninth 
floors,  the  sewing-machine  tables  extending  close  up  to  tin*  wall, 
I  The  space  between  the  tables  was  apprnxitnately  4  feet  wide  and 
f  contained  two  rows  of  ehairs  back  to  l>ack  for  tlie  operators. 
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FtG.  42.  —  Floor  Flan  of  Aseh  Building. 

Tins  space  also  eontained  baskets  and  other  receptacles  for  the 
■  goods  in  process  of  manufacture.  The  only  eonvenient  way  for 
■the  operatora  next  to  the  s*mih  wall  to  reaeh  the  stairii  and  <^Ie- 
Ivators  at  the  -southwest  corner,  was  to  walk  the  entire  length  of 
Ithe  crowdeffspaee  between  the  tables  to  the  north  side  and  then 
fuse  the  aisles  which  extended  along  the  north  and  west  sides  of 

the  building. 

On  the  tenth  floor  ver>^  little  work  was  done,  it  l>eing  used 
Iprineipally  for  the  olTict?,  show  and  stock  rooms,  and  shipping 
|department.     About  30   hands   were   employeti   ou   1\\\^  ^y^it 
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prt'ssing  shirt  waists  by  gaus-heated  irons.     Approximately  60 
employeed  were  on  thi^  flot>r. 

These  conditions  were  commented  on  editorially  by  the 
Engineering  News  (March  30^  1911),  as  follows: 

The  public  doe.s  not  permit  powder  magazines  to  be  locat 
in  the  heart  of  a  city  or  where  many  lives  would  be  endangered^ 
But  it  doce  p<?rniit  great  aggregations  of  easily  inflammable  coi 
bustibles  to  be  placetl  anywhere,  even  in  a  tall  building  crowded 
with  workers.  It  tacitly  approves  wholesale  gambling  against 
the  chances  of  a  fire  outbreak*  Neither  law  nor  administrative 
practice  nor  public  sentiment  decrees  anything  to  prevent  fac- 
tories, wareri>on^fl  and  stores  from  being  so  located  and  grouped 
and  so  packed  with  human  beings  that  every  available  restiurce 
of  retJcue  and  fire-tighting  work  is  powerless  to  help  when  the 
fire  chance  wins. 

The  Harris  and  Blanck  shirtwaist  factory  was  inspected  by 
the  State  factory  inspectors  within  two  months  and  reported 
to  be  substantially  up  to  the  law.  The  building  was  inspected 
by  the  city  Fire  Department  six  months  a^o  and  reported  good. 
The  municipal  Bureau  of  Buildings  had  approved  of  its  construc- 
tion and,  while  some  departures  fnini  the  letter  of  the  law  are 
admitte<l,  ^et  in  the  important  points  the  design  and  construc- 
tion complied  with  the  requirements.  No  law  stepped  in  to  say 
that  three  superimposed  quarter-acres  filled  with  cuttings  of 
flimsy  fabric  contain  a  grave  fire  risk;  not  even  to  the  extent  of 
saying  that  here,  if  anywliere,  the  protective  aid  of  automatic, 
si>rinklers  is  needed.  No  law  eaid  that  700  persons  on  tlie  thrt 
floors,  ranged  in  among  tallies,  sewing  niachinfa,  boxes  and  pili 
of  goods,  are  too  many  for  safe  and  rapid  exit;  or  that  subdivisioa] 
into  smaller  compartments  is  needed  to  reduce  the  risk.  The 
gravity  of  the  conditions  is  not  fairly  measured  by  the  death-roll. 
Had  there  been  seven  floors  above  the  shirt-waist  factory  as 
there  were  seven  below,  not  merely  three  floors  but  ten  would 
have  furnished  victijns. 

The  Fire  started  about  4.42  p.m.,  on  the  eighth  floor,  near  the 
northeast  corner  of  building.  The  cause  is  believed  to  have 
been  a  match  or  cigarette,  carelessly  thrown  on  cuttings  of 
waist  materials  lying  on  the  floor.  Unsuccessful  efforts  were 
made  to  extinguisli  the  fire  by  means  of  the  tire  pails,  but  the 
exceptionally  quick  spread  of  the  fire  was  undoubtedly  due  to 
the  large  quantities  of  inflammable  stock  in  process  of  manU' 
facture. 

As  to  the  results,  suffice  it  to  say  that  practically  all  of  the 

employees  on  the  eighth  floor  escaped  by  means  of  stairways 

/iBd  elevators,  as  did  nearly  all  of  those  on  the  tenth  fl^oor  by 

of  the  stixira  to  roof,  and  thence  to  the  roofs  of  adjoiiiitig 
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mildings.     Practically  the  entire  loss  of  life  was  confined  to 
tho^e  employed  on  the  ninth  floor. 

Summary.  —  This  fire,  on  account  of  the  great  aaerifice  of 
life,  has  attracted  popular  intereet  to  the  usual  neglect  of  three 
fundamental  features  of  fire  prevention  and  fire  protection  which 
ordinarily  impress  only  the  insurance  companies  and  the  owners 
of  the  large  property  values  destroyed-  This  fire,  by  the  cir- 
cumstances attoiding  its  oriKin,  spread,  and  destruction  of  life, 
forcibly  ill u strati^: 

First:  The  prevalent  neglect  of  ordinary  precautions  lo 
avoid  the  outl)n^ak  of  fires  due  lo  readily  preventable  causes. 

Second:  The  necesaity  of  adequate  facilities?,  particularly 
automatic  sprinklers,  to  extinguish  fires  in  their  incipiency,  es- 
pecially where  the  nature  of  the  work  done  and  materials'  uaed 
may  readily  cause  fires  and  rapidly  spread  them. 

Third:  The  irap4>r1  ance  of  fire  towers  suitable  for  tiie  projnpt 
escape  of  the  occupants  and  likewu^e  t43  afford  the  Fire  Depart- 
ment a  safe  station  from  which  to  efficiently  fight  fires  at  close 
range.  Note  that  the  fjowerful  streatn  {lirected  from  the  street 
toward  the  tenth  story  (as  shown  in  Fig.  41)  is  practically  vertical 
and  cannot  possibly  reach  a  fire  on  the  inside  even  a  few  feet 
back  from  the  windows. 

Recommendations.  —  (I)  A  fire  drill  and  private  fire  depart- 
ment should  be  organized  among  the  employees  of  all  factories 
to  prevent  panic  and  extingnish  fires.  The  plan  of  organization 
outhned  in  ttie  recommendations  of  the  National  Fire  Protection 
Association  should  be  used  as  a  guide  for  this  purpose. 

(2)  All  stairways  or  a  sufficient  nuiiil>er  of  them  should  be 
located  in  fireproof  shafts  having  no  communication  with  the 
building  except  indirectly  by  way  of  an  open-air  balcony  or 
vestibule  at  each  floor.  Hose  connections  attached  to  stand- 
pipes  should  be  locate<l  on  each  floor  in  the  stair  towers  for  public 
or  private  fire-department  use. 

(3)  Stairs,  if  any,  inside  the  building,  and  elevators  should 
be  enclosed  in  shafts  of  masonry  and  have  fire  doors  at  all  com- 
munications to  floors. 

(4)  The  provisions  ordinarily  necessary  for  fire-escape  towers 
might  be  somewhat  modified  in  buildings  equipped  with  a  system 
of  automatic  sprinklcMS  instaficd  according  to  the  stan< lards  of 
the  National  Fire  Protection  Association. 

(5)  Present  buildings  with  inadequate  fire  escapes  should 
be  provided  with  automatic  sprinklers  and  (or)  smoke-proof 
Btair  towers,  but  addUionat  outside  fire  escapes  passing  in  front 
of  or  near  the  windows  should  be  dLsctitirafjed. 

(6)  No  factory  building  containing  inflammable  goods  in 
pnjcess  of  manufacture,  or  em p haying  in  excess  of  a  Hmited  num- 
ber of  operatives  (limit  to  be  definitely  fixed),  should  be  without 
automatic  sprinklers.  No  buililiiiig  over  60  feet  high  and  con- 
taining inflammable  goods,  where  a  considerable  number  of 
people  are  employed,  should  be  without  automatic  sprinklera. 
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(7)  Automatic  sprinklers  should  be  inatalled  in  high  build- 
ings Ui  txiiilrol  a  fire  tmd  thus  prevent  it  from  spreading  rapidly 
from  floor  to  floor  by  way  of  outside*  wiridowB.  Tlie  Uise  of  wire 
glass  in  metal  frame-s  for  all  exterior  window's  would  also  retard 
such  vertieal  spread  of  Are  but  not  so  effectively  as  a  complete 
equipment  of  ntjloinntic  spriuklor.s  thruiighout  the  building. 

Temperatures  Exbibited  in  Fires  and  ConAiigraliotis.  — 

The  heat  of  a  wood  fire  is  from  800  t-o  1140^  F.;  charcoal  fire 
alMJUt  2200  degrees;   coal  about  2400  degrees. 

The  melting  points  of  iron  and  steel  are  from  2075  to  2228°  F. 
for  cast  iron,  and  from  2300  to  2Ij00  degrees  for  various  grades 
of  steel. 

The  following  extracts  from  several  trustworthy  rei^rta  on 
fires  aii<i  conflagrations  will  sen^e  to  show  the  temperatures 
estimated  to  have  occurred. 

It  is  estimated  that  the  temperature  of  the  fire  (i.e.j  Balti- 
moit')  was  rarely  much  in  excess  of  2200^^  F.,  althougii  in  some 
spots  it  seems  to  have  been  approximately  2800  degrees  or  more. 
Act;ording  to  various  estimates  the  most  intense  heat  in  tlie  firc^ 
resistive  buildings  lasted  from  30  to  60  minutes^  varying  with  the 
amount  of  rombustible  contents,  exposures  and  other  features. 
Cast-iron  radiators  and  typewriter  frames  w^ere  found  in  some 
places  ahnost  comi>letely  tlestroyed  by  oxidation,  but  had  melted 
in  a  few  eases  only.     Wire  gltiSB  tneltecl  in  a  numlier  of  instances.* 

In  the  8an  Francisco  conflagration  ''the  heat  was  so  intense 
that  sash  weights  and  glass  melted  and  ran  together  freely. 
In  some  places  the  edges  of  broken  cast-iron  columns  softened, 
the  tin  coating  in  piles  of  tinned  plates  volatilized,  even  in  the 
middle  of  the  piles,  and  nails  were  softened  sufficiently  to  weld 
logetJier.  The  maximum  temperature,  hiating  for  a  few^  minutes 
in  each  locality,  w^as  probably  2000  to  2200*  h\,  while  the  average 
temperature  tlid  not  exceed  1500'  F."t 

Captain  Sewell,  in  the  same  report,  states  as  follows: 

AU  things  considered,  I  am  inclined  to  think  that  tempera- 
invm  considerably  in  excess  of  2tXK)°  F.  were  not  at  all  uncom- 
mon in  the  Ban  Francisco  fire,  although  there  were,  manifestly, 
in  the  burned  area,  places  where  no  such  temperature  was 
rea(?hed.  Very  few^  office  buildings  were  subjected  to  such  in- 
tense heat,  except  here  and  there  in  individual  rooms,  w^here 
there  w^as  evidence  of  the  storage  of  records  or  other  combustible 
matter  in  large  quantities;  Init  the  department  stores,  dr>^-goods 
stores  and  other  buildings  of  mercantile  occupancy  evidently 
Buffered  from  temperatures  at  least  as  higli  as  2(XKJ°  F,     In  mer- 

•  National  Fire  Protectmn  Asssoeialion  Report  on  Ballimore  Conflagration., 
t  Mr.  Rii.'IiJtrd  L.  Humphrey,  iu  Uiiked  States  Geological  i^yrvey  Bullctlap 
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cantile  buildings  tho^e  hi^;h  temperaturea  seemed  to  he  the  rule 
and  not  the  exception. 

^In  the  Parker  Building  fire^  Mr*  Robinson  estimated  the 
aximum  temperature  to  have  been  slightly  in  exeeas  of  2000°  F. 
The  temporatures  rarely  exf^eedod  1900  degrees,  but  were 
probably  in  ('xces^^  of  1800  degrees  for  consitlerable  periods  in 
several  stories.  .  .  .  1'he  observations  in.jde  indiwite  Ifiat  in 
buildings  of  large  area  containing  considerable  quantities  of 
(*omby.stible  material,  the  fireproofing  siioold  be  capable  of  with- 

rmding  temfieratures  as  high  im  2()00°  V.  for  several  hours. 
These  estimated  temperatures  should  be  compared  with  the 
teniperatun?  n^quirements  called  for  by  standard  testing  stationa 
as  given  in  Chapter  V. 

FrRE    Losses    on    Fire-resisting    Bcildings;    Causes    and 

Losses  on  Ualtimore  EuUdings.  —  The  report  which  the 
Baltimore  Committee  of  the  National  Buard  of  Fire  Under-J 
writers  made  on  *'The  Adjusted  Fire  Losses  on  the  Fireproof 
Buildings  at  Baltimore,  Md.,"  contains  some  very  interesting 
and  valuable  analyses  of  the  insurance  losses  on  these  buildingfl, 
fihowing,  particularly,  the  relative  value  of  fire- resisting  build- 
iags  in  a  conRagration  as  compared  with  ordinary,  or  non-fire- 
resisting  buildings. 

The  total  valuation  of  all  classes  of  property,  both  buildings 
and  contents,  rcjiurtetl  to  the  insurance  companies,  amounted 
to  S37,382,42(»,  on  which  there  wa^  ijisurance  amounting  to 
$32,24.5,273^  and  on  which  tlie  losses  paid  amounted  to 
|24J,074;358. 

Data  concerning  the  sound  value,  fire  damage  and  insurance 
ItjflS,  were  alno  tabulated  for  2;^  buildings  which,  in  varying 
cJegreeSt  might  have  been  regardetJ  as  fire-resisting.  The  total 
valuation  of  these  23  buildings  was  $6,546,040,  on  which  the 
fire  damage  amounted  to  $:^, 084,062,  the  insurance  amounted 

$3,606,621  and  the  fire  losses  paid  arnmmted  to  $2,752,8^8. 

Furthermore,  a  special  classification  was  made  of  the  losg 

ilios»  etc.,  fur  1  he  seven  large  so-called  fireproof  buildings  which 

led  through  the  fire,  ij\,  those  previotisly  tlescriljed  in  some 

etail  in  thin  ehai>ter.     Tlie  total  valuation  of  Ihese  seven  l>uild- 

ngs  was  $4,07o,4S3,  on  which  the  fire  damage  amounted  to 

12,606, 127»  and  of  which  the  losses  paid  amounted  to  |l,H^!i,E>S^, 


194        FIRE   PREVENTION   AND   FIRE   PROTECTION 

From  these  figures,  the  ratios  of  insurance  losses  to  total 
insuraixce  were  found  to  be  as  follows: 

Per  cent. 

Grand  total  of  all  clafksea  of  property,  buildings  and  cron- 

tentSj  loan  ratio. .  ,  .  90     ^ 

The  above  grand  total,  excluding  the  23  so-called  fire-  ^| 

proof  buildings 92 

The  above  grand  total,  excluding  the  7  large  btiildinga.  .  .  90.  4 

The  twenty-three  more  or  le.SuS  fire-resiating  buildinge. . .  .  76-3 

The  seven  S0'(*alled  fireproof  buildings 88.  4 

In  other  words,  the  above  figures  show  only  a  2  per  cent, 
smaller  Iosh  ratio  on  tlie  seven  large  buildingfi  thati  that  which 
occurred  on  all  pro|>erty,  and  this  showing  led  the  comraittt?e 
to  diaw  the  following  conclusion:  ''When  a  city  is  visited  by  a 
general  confljigratioUp  the  large,  high,  so-called  fireproof  build- 
ings, without  protection  at  the  exterior  windows,  and  exposed 
by  ordinary  buildings,  are  but  little  better^  from  an  insurance 
view-point,  than  other  classes  of  property." 

Losses  on  Flre-reslstlng  Buildings.  —  Considering  now, 
particularly,  the  lossej^  siLstained  by  the  owners  of  the  eight 
8upf>03edly  fire-rea Luting  buildinga  previously  described  in  some 
detail,  we  find  the  ratio  of  losses  to  sound  values  to  be  as  follows: 

•    Per  coot. 

Equitable  Building ...  74.  3 

Herald  Building ,.....,,,.....  58. 7 

Calvert  Building,  , , , 57. 3 

Union  Trust  Company's  Building 61.  5 

Marylaod  Trust  Company's  Building 60,  0 

Continental  Trust  Company^s  Building 64.  8 

Merchants'  National  Bank  Building ,,.,,.,...  64. 8 

Chesapeake  and  Potomac  Telephone  Building.  ,  38.  6 

Average 60.0 

From  the  standpoint  of  the  owner  or  tenant,  these  buildii 
must,  then,  have  been  very  disappointing.  The  tenants  L 
praotically  everything,  and  the  owners  lost  an  average  of  60  per 
cent,  of  the  sound  value  of  their  buildings,  besides  further  losaes 
in  rents  during  reconstruction.  The  question  naturally  arises, 
then,  as  to  whether  the  value  of  fire-resisting  construction,  as 
then  or  now  practiced,  is  demonstrable  from  a  commercial  stand- 
point     To  answer  this  question  requires  a  careful  analysis 
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the  losses  involved,  the  causes  thereof,  and  the  postiitde  remedies* 
It  will,  therefore,  be  necessary  to  conaider  the  folio  wing  jwinta: 

1.  The  percentages  of  cost  of  the  various  items  of  construo 
tion  entering  into  fire-ro.Histing  buildinga. 

2.  The  usual  mlio  of  fire  darnago  to  sound  value  for  the  same 
items  of  oonstruetion. 

t     3,   The  causes  contrilDuting  to  fire  damage  in  conflagrations 

and  in  individual  buildings,  and  remedies  therefor. 

4.    The  possibility  of  reconstniction  at  reiisonable  cost., 

Percentage!^  or  Cast  of  Items  of  Coustruetlon  In  Fire- 

reslinitllig  Buildings. — ■  "The  accompanying  table*  (see  pages 

196  to  190),  showing   how  the  cost  of  fireproof   buildinga  is 

divided   among   the   various  items  of  construction^   has   h*?tm 

prepared  from  data  furnished  by  arcintects  and  builders  in  the 

principtd  eiticiS.     As  the  analysis  of  the  cost  of  construction  was 

not  iinifonn  for  all  data  mctavod,  some  difficulty  wiis  experienced 

in  an  attempt  to  show  a  complete  comparison.     Thus,  in  some 

cases,  the  cost  of  foundations  hits  not  been  given,  and  is  prt>])at)ly 

included  largely  under  miuson  work.     The  comparison  is,  how- 

I  ever,  prat^tically  ci>mplete  in  invist  cases,  as  far  as  tlie  live  general 

I  aubdivisions  are  ooncemedj  and  should  be  of  value  as  indicating 

the  amount  of  reiulily  damageable  material  of  a  building  in 

proportion  to  its  total  vahio. 

Each  column  of  tigurea  in  the  table  represents  the  data  for 

I  M  individual  building,  except  the  figures  for  New  York,  in  the 

ond,  tliird,  mid  fifth  columns,  which  show  the  avereige  for  a 

number  of  Vjulidings."  * 
This  table  includes  only  biiiliiinga  clofl<tly  approximating  in  all 
particulars  the  standard  specifieationfl  of  the  Xational  Boaril 
of  Fire  Underwriters  and,  as  it  was  demonstrated  in  the  Balti- 
more fire,  as  will  be  shown  in  the  following  paragraph,  that 
very  he^vy  conflagration  damage   may  be   expected  in    such 
buildings  on  practically  all  items  of  construction  save  foundar* 
tions  and  steel  frame,  it  is  significant  to  note  that  tliese  two 
items  represent,  approximately,  only  25  per  cent,  of  the  entire 
souud  value  of  a  building,     Thu?*  in  the  table  on   pages  196 
to  199,  the  average  cost  of  all   of  the  rouriflationa  scheduled 
[is  8  per  cent.,  while  the  average  cost  of  the  steel  frame  is  17.88 
[per  cent. 

•  Corupilfeid    by    Mr.    F>   J.   T.    Stowart,    Ctmtb&ntal    Lcaiirance   Company « 
fffiw  York, 
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Ratio  of  Fire  Damage  to  Sound  Value.  —  On  pages  200 
and  201  will  be  found  a  most  valuable  and  interesting  table, 
compiled  by  the  Baltimore  Committee  of  the  National  Board 
of  Fire  Underwriters,  showing  the  proportion  of  value  and  fire 
damage  in  the  eight  so-called  fireproof  buildings  previously 
described.  The  first  column  of  figures  for  each  building,  or  the 
A  per  cent.,  gives  the  percentages  of  cost  of  the  classified  items 
of  construction,  while  the  second  column  for  each  building,  or 
the  B  per  cent.,  gives  the  proportion  of  fire  damage  to  sound 
value  for  such  items.  The  averages  for  the  eight  buildings  are 
given  in  the  last  two  columns. 

Foundations.  —  As  would  naturally  be  expected,  the  fire 
damage  to  foundations  was  chiefly  superficial,  in  no  case  equaling 
as  much  as  5  per  cent,  of  the  sound  value. 

Steel  Frames.  —  The  average  fire  damage  to  the  steel  frames, 
13  per  cent.,  is  not  a  true  index  of  conditions  ordinarily  to  be 
expected,  for  the  reason  that  excessive  damage  to  steel  work 
occurred  in  the  Herald  and  Equitable  Buildings  for  reasons 
previously  described.  If  these  two  buildings  are  omitted  from 
consideration,  the  average  fire  damage  to  the  steel  frames  of 
the  other  six  buildings  is  found  to  be  but  5  per  cent. 

Mason  Work.  —  The  table  shows  a  wide  range  of  fire  damage 
in  the  various  items  classified  under  this  heading,  but  several 
points  are  noticeable,  viz.,  the  uniformly  high  damage  resulting 
to  stone  work,  ornamental  terra-cotta,  cinder  concrete  filling 
and  partitions.  The  average  damage  to  brickwork  was  greatly 
increased  through  extensive  reconstruction  made  necessary  by 
the  failure  of  other  materials. 

Equipment  and  Interior  Finish,  as  might  be  anticipated,  show 
heavy  losses,  ranging  from  45  per  cent,  to  98  per  cent! 

Causes  and  Remedies.  —  It  has  been  pointed  out  that, 
obviously,  the  most  valuable  tests  of  fire-resisting  methods  are 
to  be  found  in  those  actual  fires  which  have  occurred  in  buildings 
intended  by  their  construction  to  resist  fire.  Such  tests  are 
always  unexpected,  and  hence  represent  practical  conditions  of 
everyday  occurrence;  at  the  same  time  both  good  and  bad 
features  of  construction,  mistakes,  omissions  or  weaknesses  are 
made  manifest,  as  well  as  those  enduring  qualities  which  justify 
the  faith  reposed  in  them.  Although  scientific  research  and 
investigation  and  comparative  data  as  to  the  fire-resistance  of 
various  materiah  are  exceedingly  valuable,  and  hence  greatly 
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>  be  desired,  still,  such  8p<?cific  te«t«  ss  are  describe<i  in  foUo wring 
ehaptere  are  not  l^  be  cottipand  for  practictil  iitiiity  to  tlioBe 
tactual  tests  afforded  by  tho  hurniiiK  of  fire-rcsisling  .stnu'tures; 
IflLnd  it  m  for  thin  r»*;i«on  that  tlio  many  fircH  dt^crihed  in  thia 
F chapter  have  been  examined  in  aufficient  detail  to  bring  uut  the 
more  interesting  or  the  more  instiiictive  le^dons  for  guidance  in 
n     present  or  future  prartiee.     Many  other  fire;^  besides  tho^e  here 
^■'desenl>ed  have  oreurred  in  bre-re?^istinp;  buildings,  iind  ssome  of 
^B great  value  for  purposes  of  stu<ly  iti  even  non-fi re-res i^ ting  build- 
ings, l>ut  the  abovjP-mentione<l  fires  eon.stituU^  most  of  the  lietter 
known  and  eertainly  the  most  frequently  quotetl  inatanees,  sfj 
that  the  aggregate  of  the  exix^rienct^  afforded  by  these  examples 
^may  be  taken  an  a  fuir  and  safe  stantlard  from  whit^h  to  derive 
^B-certam  dednetions  as  to  the  eausej^  of  fire  diunage  and   the 
*^  remedies  therefor. 

t  Considering,  then^  all  of  the  fires  de^cribed^  in  connection  with 
the  Baltimore  and  San  FraneiHCo  cnnflagrutionH,  it  niunt  l>e 
admitted  that  buildings  can  be  renderc^tl  fire-resisting  in  all  tlieir 
esaeiitial  stnictural  parts^  agamst  even  the  severest  test^  afforded 
I  by  unusual  conflagration  conditions.  It  may  be  quentionetl 
whether  any  single  structure  has  actually  demonstratetl  this. 
^1  Posailily  not^  to  a  full  extent;  but,  considering  the  very  coin- 
^Bmendable  showing  made  by  several  of  tla^  buili lings  in  the  Balti- 
^ftmore  fire,  if  we  whould  add  1o  their  good  iXMntii  ceHain  otiier 
^■features  which  have  iunply  tlt^nouj^t rated  their  worth  in  the 
^wame  or  other  hres,  the  resulting  structure,  were  the  practice 
^■ofteuer  fried,  would  certainly  far  surpass  in  fire  resistance  even 
^Bihe  best  which  has  sti  far  been  done. 

^*  Conflagmiions.  —  The  u^ual  caumis  of  conflagi'ations  have 
I  been  enumenit-ed  in  Chapter  I  (see  page  7),  These  eaiwes  may 
lie  divided  into  two  general  heads,  —  municipal  weaknesses, 
fjuch  aa  lax  laws  as  to  uniformity  of  fire-resisting  con.strnclion, 
low-water  pressure  or  inefficiency  in  fire  departini  nts,  etc. — 
and  weakness  in  the  design,  construction  or  ctinipment  of  indi- 
viilual  buildings.  Any  serious  attempt  at  remetlying  the  fire 
problem  nmst,  therefore,  consider  thesis  causes* 

If  we  fully  uppreoiatefl  the  lessons  of  Ifie  past,  conflagrations 

H'ould  i>ecome  hu|)ossihle.     Pater^on,  Baltimore,  San  Francisco, 

nd  Chelst*a  all  demonstrated  the  crying  nccet^ity  for  uniformity 

1  our  laws  rehUing  to  fire-resisting  construction. 

If  uniform   lequirenicnts  cannot  be  attained,   l^'di*Ui\'ft^u>\\  V^-da 
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ishowa  how  most  effective  re-siiUa  can  bp  secured  through  Ihc 
use  of  blank  walls  abut  ting  diingerous  risks,  while  Rochester 
demons t rated  the  folly  of  allowing  unprotected  openings  be- 
tween a  fire*niwisting  Htructure  and  a  hazardous  neighbor. 

Fire-resisting  buildings  hav«  not  formed  fierfect  fire  stopa  in 
conflagrations,  but  they  have  greatly  prevented  the  further 
spread  of  conflagration  conditions  in  several  instances,  notably 
as  illustrated  by  the  Faterson  Savings  Institution  and  the  Pater- 
son  City  Hall,  and  by  those  buildings  in  the  Baltimore  fire 
which  served  to  protw^t  in  great  rnesLsure  th.e  City  HaQ  and 
Postoffice.  All  of  these  buildings  formetl  valuable  aids,  while 
being  seriously  flamaged  in  themselves^  owing  principally  to 
the  lack  of  consideration  for  the  extcrnai  hazard. 

Extenml  Hazard,  —  The  ext-emal  hazard  fiimiBhed  by  dan- 
gerous neighbors  and  the  nec^'fiBity  for  adequate  protection 
against  such  hazard  were  plainly  shown  in  the  cases  of  the 
Vaiiderbilt  and  the  Home  Insurance  Buildings,  and  particularly 
emphasisa^xl  in  the  Baltimore  and  San  Francisco  conflagrations. 
If  blank  walls  are  inipraetieable,  remedy  may  be  found  in  pro- 
viding ii re-resisting  windows,  as  described  in  Chapter  XIV. 

Planning,  —  Certain  fundamental  facts  regarding  fire- resisting 
planning  are  also  emphasized  through  thcBe  fire  lessons.  The 
Home  Store  Building  and  the  Parker  Building  fires  both  showed 
how  rapidly  and  effectively  fire  may  be  communicated  by  means 
of  light  shafts,  dumb  waiters  or  otlier  veilical  ofRHiings.  The 
Metropolitan  Opera  House  fire  developed  many  serious  defects 
in  planning,  while  the  Iroquois  Theuter  and  the  Asch  Building 
fires  both  levealed  glaring  defects  in  the  matter  of  proper  exii 
The  Vanderbilt  Building  fire  illustrated  how  crookwl  and  poorly 
designed  stairw^aya  may  hamper  the  effective  working  of  t 
fii'e  department. 

Faulti;  CoftalriwHon,  —  False  economy  or  carelesa  fireproofing 
will  be  found  responsible  for  many  seeming  failures  of  fi  re-re? 
sisting  construction.  Witness  the  totally  inadequate  floor  con- 
struction of  the  Equitable  Building,  Baltimore,  and  in  the 
Parker  Building;  the  unprotected  roof  construction  In  the  Home 
Store  Building,  with  its  disastrous  results  in  two  fires ,  and  the 
lack  of  column  protection  in  the  Roosevelt  Building. 

An  even  later  example  of  the  folly  of  spanning  an  otherwise 
fire-resisting  building  by  means  of  unprotected  steel   trusa(»s  is 
eA'hibiteti  in  the  fire  which  occurred  January  10»  1911,  in  tb 
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Cincinnati  Chamber  of  Commcrrc  Buildingj  where  the  failure 
of  such  trusses  under  fire  caused  a  collapse  which  involved 
nearly  a  Uiinl  lo.ss  to  the  building**  The  lack  of  protection  to 
these  trusses  wtus  in  violation  of  the  present  building  ordinanpe^ 
but  the  building  waw  erected  in  18>i8-9,  and  the  building  code 
ia  not  retroactive  in  regard  to  its  requirements  for  hrc  protection. 

Examples  of  the  improper  use  of  materiitla  are  afforded  by 
the  Chicago  Athletic  Club  Building  fire^  where  wood  nailing 
gtrips  w^ere  used  around  impcjrtant  load-t>earing  columns;  by 
the  Home  Office  Binlding,  where  terra-cotta  partitions  were 
built  upon  the  wood  floors  or  upon  wood  nailing  strips;  and 
by  numerous  other  instances,  especially  in  the  Baltimore  build- 
ings, where  either  proper  materialrt  have  been  uned  in  improper 
manner,  or  where  improper  materials  have  been  relied  upon  for 
fire  resistance. 

Faulty  details  which  have  been  so  glaringly  shown  up  in 
actual  tests  by  tire  are  too  numerous  to  even  summarize,  as 
innumerable  partial  or  total  failures  have  occurred  in  floors, 
column  protections,  partitiona^  w^alls,  etc. 

Tile  MJnimlzlng  «f  Fire  Losses;  EeeonstriicttoD.  —  A 

study  of  the  item;^  entering  into  fire  damage  disclo*M2s  the  fact  that 
a  very  large  proporticjn  of  it  is  due  to  the  loss  of  the  architectural 
finish^  such  as  face  brickwork,  ornamental  terra-cotta  and  stone- 
work on  the  exterior;  marble  dailoes,  columns  and  other  finish 
on  the  interior;  w^ioden  door  and  window  frames^  wooden  doors 
and  windows,  ornamental  grillwork,  etc.  If  the  fireproof  build- 
ing problem  is  to  be  solved  in  such  a  manner  that  conflagrations 
will  not  cause  serious  losses,  it  would  seem  that  radical  revision 
of  the  method  of  finish  is  neccneary.  Ah  the  finish  must  prac- 
tically be  a  total  loss  any^vay,  it  should  be  so  devised  that  it  can 
be  replaced  at  BUiall  expense*  This  requirement,  however,  makes 
it  impos.'iibic  to  adopt  a  material  for  the  construction  which,  as 
the  architects  say,  finishes  itself  —  because,  if  the  exposed  surface 
is  destroyed,  the  material  becomes  a  total  loss.  It  would  st^em 
that  for  the  exterior  of  the  structure,  walla  well  built  of  good, 
common  brick,  laid  in  Portland-cement  mortar,  or  else  of  rein- 
forced concrete,  could  be  finished  on  the  outside  with  stucco, 
pebble  dash  or  some  similar  material.  The  opportunity  for 
the  effective  use  of  colors  here  would  be  very  great.  If  the  budd- 
ings were  exposed  to  a  fire,  the  exterior  finish  would  probably 
be  a  total  loss,  but  its  value  in  dollars  and  cents  is  small.  The 
fire  might  even  strip  it  off  and  cause  serious  spalhng  to  the  main 
wall  underneath,  but,  even  so,  the  operation  of  renewing  the 
i^nish  would  furnish  adequate  repairs  for  the  main  wall  itself. 

♦  Bee  Bngineerinu  Newt,  Februajy  2,  1011,  for  a  more  oomp\«\A  6,QCQ\kU\i. 
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On  the  other  hand,  if  face  brick  or  stone  or  ornamental  terra- 
cotta be  spalled,  the  loss  is  total;  the  original  finish  cannot  be 
renewed,  except  by  tearing  the  wall  down  and  rebuilding  it.  On 
the  interior,  combustible  trim  of  all  kinds  should  be  eliminated 
and  marble  or  stone  finish  should  be  securely  protected  from  the 
access  of  fire.  Enameled  bricks  and  enameled  tiles  should  also 
be  made  secure  against  not  only  the  direct  access  of  fire  but 
against  the  effects  of  high  temperatures  however  applied.  In- 
stead of  marble  wall  finish  or  enameled  bricks  or  tiles,  wall 
plaster  of  a  good  quality,  finished  with  enamel  paint,  furnishes 
a  perfectly  satisfactory  substitute,  so  far  as  utility  and  sanitary 
qualities  are  concerned.  If  such  finish  is  destroyed  by  fire,  its 
renewal  is  a  matter  of  relatively  small  cost. 

All  interior  partitions  should  be  so  solidly  constructed  that 
there  would  be  no  question  whatever  of  a  fire  ever  getting  through 
them.  That  ought  to  be  absolutely  inapossible.  Stairways, 
stairway  halls  and  other  places  where  elevator  grills,  ornamental 
balustrades,  etc.,  might  be  used  should  be  so  located  that  no 
fire  would  ever  get  into  them,  and  they  should  be  kept  absolutely 
free  of  combustible  matter  of  all  sorts  and  descriptions.  Wooden 
floor  finish  should  not  be  allowed  in  any  portion  of  the  building. 
All  doors,  door  frames,  window  frames  and  window  sash  should 
be  of  metal  or  of  wood  covered  with  metal.  All  important  open- 
ings should  have  doors  on  both  sides  of  the  wall,  the  idea  being 
so  to  design  the  interior  of  the  building  that  a  fire  starting  in 
any  one  room  could  be  left  to  bum  itself  out  not  only  without 
being  communicated  to  other  rooms  or  to  the  corridors,  but  also 
without  causing  any  great  money  loss  to  the  building  itself  in 
the  room  or  rooms  where  the  fire  occurs.  .  .  . 

A  fire-resisting  building  is,  in  one  sense,  exactly  analogous 
to  a  fortification  —  it  needs  a  garrison  to  make  it  thoroughly 
effective.  There  is  this  difference,  however,  that  a  fire-resisting 
building  can  be  made  so  effective  in  itself  that  a  relatively  smaU 
garrison  can  save  it.  In  my  judgment,  a  building  thoroughly 
well  constructed  along  the  lines  indicated  in  this  report  would 
stand  in  a  conflagration  such  as  that  which  occurred  in  San  Fran- 
cisco, preserve  its  contents,  stnd  suffer  a  loss  to  itrown  structure 
and  finish  not  exceeding  15  per  cent.* 

*  See  Captain  John  Stephen  Sewell  in  "The  San  Francisco  Earthquake  and 
Fire,"  United  States  Geological  Survey  Bulletin,  No.  324. 


CHAPTER  VII. 

THE   MATERIALS   OF   FIRE-RESISTING    CONSTRUC- 
TION. 

Definition  of  Fire-resisting  Materials  and  Constructions. 

—  No  material  with  which  we  are  at  present  acquaintetl,  at 
least  to  any  conamercial  extent,  is  "fireproof*  or  capable  of 
withstanding  fire  beyond  certain  fixed  limits;  for  under  severe 
enough  conditions  all  materials  of  building  construction  fail 
sooner  or  later.  This  fact  was  plainly  proven  at  Baltimore  and 
again  at  San  Francisco.  In  the  report  of  a  special  committee 
of  the  American  Society  of  Civil  Engineers  on  the  "Fire  and 
Earthquake  Damage  to  Buildings,"  *  it  is  stated  that  "Unless 
one  has  been  an  eye  witness,  it  is  difficult  to  reahze  how  all 
materials  that  men  make  into  the  shape  of  buildings  can  be  so 
utterly  destroyed  in  a  general  conflagration." 

The  word  "fireproof"  rather  describes  an  ideal  condition  yet 
to  be  attained.  Hence,  in  view  of  the  misconception  attached 
to  the  term,  through  which  many  inferior  materials  or  construc- 
tions are  made  to  appear  immune  against  fire  when,  in  fact, 
they  are  hardly  fire-resisting  to  any  material  degree,  the  word 
has  been  discarded  for  the  more  rational  term  "fire-resisting," 
which  does  not  necessarily  imply  proof  against  all  fire  damage, 
but  rather  varying  degrees  of  resistance  to  fire,  according  to  the 
material  or  construction  under  discussion.  It  was  for  these 
reasons  that  the  International  Fire  Prevention  Congress,  which 
met  in  London  in  1903,  passed  the  following  resolutions: 

1.  The  Congress,  having  given  their  careful  consideration 
to  the  common  misuse  of  the  term  "fireproof,"  now  indiscrimi- 
nately, and  often  unsuitably,  applied  to  many  building  materials 
and  systems  of  building  construction  in  use  in  Great  Britain, 
have  come  to  the  conclusion  that  the  avoidance  of  this  term  in 
general  business,  technical  and  legislative  vocabulary  is  essential. 

2.  The  Congress  considers  the  terra  "fire-resisting"  more 
applicable  for  general  use,  and  that  it  more  correctly  describes 
the  varying  qualities  of  different  materials  and  systems  of  con- 

♦  See  Trana.  Am.  Soc.  C.  E.,  Vol.  LIX,  p.  237. 
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struction  intended  to  resist  the  effect  of  fire  for  shorter  or  longer 
periods,  at  high  or  low  temperature,  as  the  case  may  be;  and 
they  advocate  the  general  adoption  of  this  term  in  place  of  the 
word  ** fireproof." 

Relation  of  Materials  to  fire-reslstlng  Construction.  — 

The  efl&ciency  of  fire-resisting  construction  depends  largely  upon 

1.  The  choice  of  materials  employed  for  the  essential  struc- 
tural portions  of  the  building; 

2.  The  materials  used  for  insulating  or  protecting  those 
load-bearing  members  which,  of  necessity,  are  not  fire-resisting; 

3.  The  limitation,  as  far  as  may  be  possible,  of  combustible 
finish  or  trim. 

Practical  considerations  involving  the  choice  or  use  of  ma- 
terials will  include  a  knowledge  as  to  their  ability  to  withstand 
severe  test  by  fire  and  water,  their  availability  and  cost,  the 
possibilities  of  reconstruction  after  fire,  their  strength,  the  mass 
or  adequacy  which  may  be  required,  the  shape  or  form  of  the 
material  which  will  give  best  results,  the  methods  of  use,  as  Well 
as  the  protection  which  should  be  afforded  by  auxiliary  equip- 
ment. 

Limitations  of  Materials.  —  As  before  said,  even  the  best 
of  materials,  used  in  the  most  discriminating  manner,  are  limited 
as  to  their  endurance  and  effectiveness  by  the  severity  and 
the  duration  of  their  exposure.  Hence  a  thoroughly  fire- 
resisting  building  is  impossible  unless 

(a)  The  intensity  of  heat  and  the  time  during  which  it  is 
applied  can  be  limited,  or 

(6)  Unless  the  materials  which  are  counted  on  to  resist  fire 
are  given  an  initial  excess  of  strength,  so  as  still  to  retain  an 
acceptable  factor  of  safety  after  depreciation  by  fire. 

The  first  alternative  is  the  essence  of  fire  protection.  The 
limitation  of  heat  intensity  becomes  a  question  of  design  —  the 
isolation  of  dangerous  risks,  protection  against  exposure  hazard, 
the  limitation  of  areas  and  the  minimizing  of  combustible  trim, 
etc.  The  limitation  of  time  during  which  the  fire  can  operate 
becomes  a  question  of  detection  and  extinguishment  by  means 
of  auxiliary  equipment. 

The  second  alternative  is  not  based  on  sound  principles  of 
fire  protection,  in  that*  the  destruction  of  contents  and  com- 
bustible trim  is  assumed,  and  that  in  sufl&cient  quantity  to 
engender  a  heat  severe  enough  to  weaken  the  construction. 
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But  if  (jangcTiMis  coiitontH  muni  he  a^ssumed  vvilhotit  the  pro 
tection  of  auxilisin,'  c<|uipQient,  thL=t  rcM^iiforceinent  of  etnictural 
materials  may  provf  the  safej^ard  of  the  stnieture.  Thus,  in 
the  employment  of  eomirete  construction  under  conditions  of 
possible  severity,  prudent  design  would  consider  the  ine%ntablo 
destruction  or  weakeniiig  of  the  inatorial  to  a  greater  or  lesa 
depth,  and  provide  for  such  depreciation  in  strength  in  the 
original  di "sign. 

It  has  previously  been  shown  in  (he  " ConeJtisiona *■  of  Chap- 
ter VJ,  that,  notwithstanding  lha*ic  liinit.ation«,  past  experience 
certainly  justifies  the  Btateraent  that  buildings  may  be  suc- 
ressfully  and  economically  designed  so  as  to  render  them  prac- 
tically  fire-resisting. 

Fire  and  Water  Tests.  —  The  behavior  of  materiak  under 
tmts  by  fire  and  quench ing^  whether  such  tesl^  are  made  in 
laboratorie.s,  teFting  Btationa  or  in  actual  fires,  concerns  first, 
the  endumuce  of  the  material  from  the  standpoint  of  damage, 
thus  involving  the  extent  of  n  i-onstruction  or  repair  which  may 
be  neeessary;  secontl,  the  question  of  alrength  after  fire  t.43st; 
and  third,  the  conductivity  of  heat  developtid  in  those  materials 
which  are  to  be  used  for  the  protection  of  other  matenalR. 

The  actual  fire-s  described  in  C'haptcr  VI  furnish  numerous 
examples  of  fire  damage  resulting  in  many  materials*  Recon- 
etmction  or  repair  and  the  mtige  of  teinperatur(»«p  wiiich  is  to  he 
expected  in  fires  of  great  intensit}',  have  also  l>een  discussed  in 
Chapter  VI,  \yW\h  the  test  conditions  of  heat  and  water  appli- 
cations requirerl  by  several  (if  the  mor(;  prominent  testing  stations 
have  been  given  in  ('hap tor  V, 

The  strength  renuiiidng  in  materials  or  constructions  after 
severe  fire  and  water  tests  is  of  most  vital  importance*  It  hius 
previously  been  pfiinted  out  that  early  tests  of  fire-resisting 
materials  plm^c<J  too  nmcb  emphasis  on  the  load-bearing  qualities 
before  fire  test;  hut  as  practically  all  materials  and  constructions 
in  common  use  can  be  designed  to  carry  safely  almost  any  loads 
which  are  liable  to  occur  in  prac^tice,  the  question  (jf  doubt  lies 
\n  their  qualities  afUr  fire  tost.  Hence  some  of  the  materials 
discussed  in  this  chapter  will  lie  considered  principally  from  this 
standpoint,  or,  in  the  case  of  protective  coverings^  from  the 
standpoints  of  conductivity  and  efSciency* 

Strength  af  MaterLals*  —  The  strength  of  materials  under 
tionual  conditions  is  not  pertinent  to  a  handbook  on  fire  gro- 
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tection,  except  in  so  far  as  the  possibility  or  advisability  of 
structural  design  along  certain  lines  may  be  affected.  Thus, 
if  the  building  is  to  be  of  great  height,  a  steel  framework  be- 
comes necessary  or  advisable  —  necessary  where  the  loads  on 
very  high  brick  or  masonry  walls  exceed  the  crushing  strength 
of  the  material,  and  advisable  for  lesser  heights  where  masonry 
load-bearing  walls  become  uneconomical  on  account  of  the 
room  occupied. 

Attention  might  here  be  called  to  the  widening  possibilities 
in  the  use  of  tile  column  and  wall  constructions,  owing  to  the 
very  considerable  loads  which  may  be  carried,  as  is  pointed  out 
in  more  detail  in  Chapters  XII  and  XX. 

Cost:  Ayailabillty.  —  In  building  and  construction  work 
the  substitution  of  the  materials  of  the  second  group  (i.e.,  stone, 
clay  products,  cement,  and  concrete)  for  the  more  commonly 
used  wood  and  metal  manufactures  should  be  encouraged  as 
having  an  important  influence  on  the  preservation  of  the  supplies 
of  the  more  perishable  and  scarcer  materials.  The  use  of  build- 
ing stone  and  clay  and  cement  products  in  this  country  has  been 
restricted  by  competition  with  the  much  cheaper  wood  products 
and  the  more  easily  fabricated  and  more  available  metal  products. 
Improved  methods  of  preparing  the  raw  materials  for  use  in 
building  construction  are,  however,  rapidly  diminishing  the 
difference  in  cost,  and  careful  investigation  as  to  their  structural 
qualities  and  the  more  suitable  structural  forms  would  have  an 
important  influence  in  further  reducing  this  difference  in  cost 
and  in  enlarging  the  use  of  the  more  permanent  materials. 

Within  the  last  decade  the  value  of  the  cement  manufac- 
tures of  this  country  has  mcreased  from  $9,859,000  to  $55,803,000 
or  nearly  sixfold.  In  the  same  time  the  value  of  the  clay  prod- 
ucts has  increased  from  $74,487,000  to  $183,942,000,  or  has  more 
than  doubled,  and  that  of  the  building  stone  has  increased  from 
$26,635,000  to  $71,106,000  or  has  nearly  trebled.  As  the  Gov- 
ernment, through  its  investigations,  is  determining  the  strength, 
durability,  and  fire-resisting  properties  of  these  materials  and  the 
more  suitable  forms  for  their  use,  and  is  disseminating  information 
relative  to  their  comparative  cheapness  and  great  permanence, 
a  still  greater  relative  increase  in  their  use  may  be  confidently 
expected  in  the  near  future. 

Within  the  last  few  years  marvelous  strides  have  been 
made  in  the  substitution  of  iron  and  steel  for  wood  as  a  result 
of  the  careful  investigations  of  their  properties  made  by  engi- 
neers, physicists,  and  chemists,  and  the  great  amount  of  atten- 
tion paid  to  their  fabrication  by  manufacturers  and  architects. 
More  recently  the  engineering  and  technical  professions  have 
advanced  to  a  great  extent  the  uses  of  cement  in  concrete  manu- 
/actures.    But  in  a  much  greater  period  little  has  been  done 
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toward  fu^certaiiiing  tbi>  physirtil  and  i^hemif-al  properties  and 
ihi^  lif'st  modes  of  inaimfarturc  ami  uhl*  *>f  dny  products  and 
stone.  Undoubtedly  great,  progre-S;>i  in  tlie  use  of  all  tliej^o  ma- 
terials may  now  be  reasonably  expected  with  proper  enroiirage- 
ment  from  the  Government  as  an  exampler  in  its  method  of 
Btudyint;,  testing  and  using  them. 

The  inve>^ii!L5ations  in  progress  by  the  Ceologieal  Survey 
indicate  that  smaller  quantities  of  cement-making  materials,  of 
gravel  anil  sand  suitable  for  concrete  fitni**tures,  aurl  of  clay 
suitable  for  making  brick  will  suflicej  and  also  show  how  eon- 
fit  ruction  can  be  done  at  least  cost.  Already,  not  only  in  tree- 
less regions,  but  ebiewhere  also,  the  use  of  such  materials  is  rapidly 
inrreiusing/^* 

■  Other  Conoid  era  tl  on  s  in%''olving  the  eh  nice  or  use  of  ma- 
terial.s,  sueli  as  mass  or  adet|iiacy,  methods  of  use  and  protection 
afT<jrd*'<l  by  auxiliary  equipment,  etCj  are  discussed  in  many 

Wrought  Iron  and  Steel.  —  No  material  used  in  building 
construction  is  as  unrclialile  and  treacherous  as  unprotected 
wrcmght-iron  or  steel.  Owing  to  twisting,  warping  and  expan- 
sion under  moderate  heat,  it  is  not  uncommon  to  hear  old  and 
tried  firemen  declare  that  they  woidd  much  rather  take  chances 
in  fighting  fire  in  a  building  of  inflammable  eonstruetion  than 
in  a  strurture  containing  unprotected  wrought-iron  or  steel 
beams,  girflers,  columns  or  trusses*  Load-bearing  members  of 
steel  or  wroiight-iron  must,  therefore,  be  protected  by  adequate 
fin>resisting  coverings.  Floor  l>eamsi  and  girders  sliould  be 
protected  by  the  terra-cotta  or  concrete-floor  system,  columns  1 
the  exterior  ttiasonry  walls  or  by  envelopes  of  brick,  terra-cott 
or  concrete,  while  trasses  or  other  constructions  of  iron  or  i 
require  adequate  protection  against  heat.  Examjiles  of  serious 
failure**  from  disregarding  these  precautions  are  too  numerous 
to  mention, 

fcExpawfion  of  tSted.  —  Unprotected  steel  will,  under  the  action 
high  temperatures,  so  expand  aa  to  cause  the  deformation, 
if  not  complete  ruin,  of  the  structure.  For  each  degree  Fahren- 
heit of  elevation  of  temperature,  soft  steel  or  iron  will  extend 
about  j5ih^c  ptirt  of  its  length.     For  each  100°  F.  increase  in 

*  From  LTiiit«d  Hl\xtm  Geottjgloal  Survey  Bulletin  No.  418.   "Thf  Fire  Tai 
And  Wiuto  of  SiructurtU  Mat^jrials  In  the  Ur4ifed  States,"  I^IO* 
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temp<^ratiire  the  increfLse  in  length  WDiiltl  lie  iiliout  one  inch  in 
125  feet-  Where  unprotectetl  iron  or  steel  hcarnB,  girders  or 
trusses  are  supported  by  masonry  walla,  this  expansion  is  often 
sufficient  to  cause  the  overthrow  of  the  bearing  wsills. 

Fire  Tests  on  Sted  Cohtmns.  —  The  earliest  experimental 
fire  and  water  tests  on  east-iron  and  steel  columns  under  load 
were  ma<lo  in  Hamburg  in  1K86.  These  tests*  plainly  demon- 
strated the  utter  iinreliability  of  unprotected  steeL 

Very  few  American  hre  tests  have  been  made  on  iron  or  steel 
columns.  One  series  of  such  tents,  however,  was  noteworthy, 
—  mz.y  those  mjide  in  ISlMi  by  a  committee  reprfjsenting  the 
Tariff  Association  of  New  York,  the  Architectural  League  of 
New  York  and  the  American  Society  of  Mechanical  Engineers -f 
The  tests  were  few  hi  number,  but  most  inifxirtant  in  results 

Five  full-sized  columns  (two  of  steel  and  three  of  cast-iron) 
were  tested  in  brick  furnaces  which  were  built  for  the  purpase. 
The  columns  were  made  of  forms  and  lengths  tis  representing 
common  practice,  and  the,y  were  placed  in  compressi(m  liy  means 
of  a  hydraulic  ram  to  obtain  loadings  approximating  those  found 
under  ordinary  conditions. 

Test  No.  1.  The  column  ti^sted  was  unprotectetl,  box- 
shaped,  made  of  two  steel  channels  and  side  plates.  The  highejst 
temperature  recordetl  was  1230°  F.  After  an  exjiosure  of  1  hour 
and  21  minutes  the  column  began  to  yield  under  a  load  of  4fi.00 
tons^  the  temjieraturc  being  1210°  F,  The  coluron  buckled  at 
the  center  by  the  wrinkling  of  the  plates.  The  breaking  load 
was  computed  by  Gordon's  formula  to  l>e  342  tons. 

Test  No,  2  consisted  of  an  un] protected  S-inch  standard 
eteel  Z  column.  The  maximum  temperature  recorded  was 
1S75°  F.  A  uuiform  loading  of  84.8  tons  was  maintained  during 
tbe  entire  test.  Tlic  coluuui  cominenced  to  yield  after  an  ex- 
posure of  24  minutes,  the  temperature  being  I12r5  degrees. 
Deflection  0(Mnirred  at  the  lower  third  point.  The  computed 
breaking  load  was  303  tons. 


i 


From  these  tests  it  may  be  stated  that  unprotected  steel 
columns  will  commence  to  yield  at  temperatures  of  from  KKK)'* 
to  1200"  F. 

EjcpeTiences  in  Ballimore  and  San  Fra7icisco  Fires.  —  The 
possibility  of  successfully  protecting  the  steel  frameworks  of 
buildings  against  even  such  severe  conflagration  conditions  as 


♦  See  "The  Bebavior  uf    Initi   Coltiimia  at  High  Temperatui 
Gottlieb,  Joitrnal  Assoc,  oj  Eimneertng  Societies^  February^  1892, 
f  See  Enffineering  Neu^s,  August  6,  1896. 
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obtained  in  both  tlu*  Baltimore  aod  Hs^Ji  Francisco  fires  waa 
conclusively  denioiistrat«tl  in  tbose  experiences.  Thus  the  in- 
Burbtnce  adjuster's  report  on  thir  twelvcvHtory  Calvert  Building 
shows  a  loss  on  the  steel  frame  of  only  L37  jHir  cent-  of  its  sound 
value,  and  on  the  eleven-story  Union  Trust  Company's  Building 
of  1.03  per  cent.,  neither  of  these  structures  having  been  fire- 
proofed  in  any  too  commendable  a  manner.  Inadequate  pro- 
^m  tection  of  the  metal  frame  in  the  Eqiutable  Building  resulted 
^K  in  a  loss  of  43  per  cent,  of  the  sound  value,  a  good  example  of 
poor  eront>rny. 

I  In  spite  of  %'ery  many  pwirly  protected  steel  coltmms  in  the 
Baltimore  fiiie-reaiating  buildinga,  only  two  were  subjected  to 
Berioiis  injury. 
As  regards  the  San  PYanciaco  fire,  *'it  can  be  truthfully  stated 
that  perfect  firoproofmg  of  buildings,  even  in  those  of  the  newest 
and  most  modern  type,  was  the  exception  and  not  the  rule. 
Tlie  bent  or  broken  columns  and  the  distorted  or  disfigured  steel 
ginjers  in  many  of  the  burned  buildings  demonstrate  this  fact. 
Wherever  structural-steel  framework  wiis  covered  with  fire- 
proofing  material  of  the  best  design,  cxecutctl  with  conscientious, 
skillful  workmanship,  the  steel  remained  uninjured  after  the 
fire/'* 

»  Effect  of  Fire  an  Un^^mpleled  Steel  Frames.  —  A  very  unusual 
test  by  tire  of  uncompleted  steel  frames  was  afforded  by  the 
Ban  Rrancisco  conflagration. 

Four  of  these  steel  frames  were  completed  and  one  was  up 
two  stories.  In  four  of  the  cases  the  floor  arches  were  not  yet 
in.  All  the  frames  appeared  to  be  uninjure<J,  except  that  an 
occasional  beam  near  the  street  grade  has  sagged  and  will  have 
to  be  replaced.  All  were  in  the  path  of  the  maximum  cor\fla- 
gration  sweep;  liut  tliey  appear  to  have  been  affected  only  by 
the  wooden  material,  8cauoldin^p  etc^  on  their  own  premises, 
i.e.,  where  close  to  such  material  there  wtis  a  local  effect;  but 
the  frames  .seem  to  have  been  indifferent  to  the  exposure  at  any 
considerable  distance.  It  is  probaldy  the  case  that,  in  the 
long-range  blast,  the  temperatures,  though  above  the  point  of 
wood  ignition,  are  below  the  softening  temperature  of  iron  and 
Bteel^  except  at  very  close  quarters;  so  that  the  general  effects 
are  confined  to  expansion;  and  conflagra.tion  experience  has 
pretty  welt  settled  the  fact  that  a  steel  frame  can  undergo  a 
large  and  uneven  range  of  expansion  and  subseciuent  contraction 
without  serious  injury  to  it3  own  members  or  tlieir  connections, 
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provided  the  temperature  is  short  of  the  softening  point.    These 
frames  also  had  the  advantage  of  being  largely  free  from  load.* 

Cast-iron.  —  As  employed  in  building  construction,  the  use 
of  cast-iron  is  generally  limited  to  columns  or  mullions  for  the 
carrying  of  greater  or  less  loads,  and  to  light  exterior  or  interior 
constructions  of  an  ornamental  nature,  generally  carrying  minor 
loads  only,  such  as  pilasters,  cornices,  portions  of  stairs,  etc. 
Owing  to  the  difficulty  of  obtaining  homogeneous  castings,  of 
uniform  texture  and  thickness,  cast-iron  is  recognized  as  the 
most  unreliable  material  used  for  constructive  purposes.  When 
subjected  to  fire  and  water  tests,  this  uncertainty  as  to  its  be- 
havior is  greatly  increased. 

Behavior  in  Moderate  Fires.  —  As  the  result  of  tests  (see  later 
paragraph)  and  actual  experiences  in  fires,  it  may  be  stated  that 
unprotected  cast-iron  colunms  may  stand  practically  unharmed 
up  to  temperatures  of  1300  or  1500°  F.,  while  carrying  heavy 
loads,  and  even  with  frequent  applications  of  cold  water  while 
the  metal  is  at  a  red  heat.  After  many  moderate  fires,  impro- 
tected  cast-iron  columns  have  been  found  to  be  in  a  sufl&ciently 
good  condition  to  warrant  their  reuse.  Thus  in  the  Ames 
Building  fire  in  Boston  in  1889,  while  a  number  of  cast-iron 
columns  were  apparently  broken  by  their  own  fall,  or  that  of 
debris  upon  them,  yet  comparatively  few  showed  evidence  of 
failure  from  heat.  Experiences  in  English f  and  American 
cotton  mills  also  show  that  the  fire  resistance  of  such  columns 
is  undoubtedly  greatly  superior  to  steel. 

Failures  of  Cast  Columns.  —  It  has  been  shown  in  Chapter  VI 
that  temperatures  exceeding  2000°  F.  are  reached  in  confla- 
grations or  even  in  fires  in  individual  buildings.  Hence  the 
limit  of  endurance  of  even  cast-iron  columns  is  very  apt  to  be 
exceeded,  and  failures  should  be  expected. 

In  the  Baltimore  conflagration,  cast-iron  columns  and  store 
fronts,  etc.,  went  down  on  every  hand,  and  while  most  cases  of 
failure  were  undoubtedly  due  to  falling  walls,  etc.,  cases  of  column 
failure  by  buckling  occurred  in  the  Chamber  of  Commerce  and 
Equitable  Buildings,  and  by  collapse  in  the  National  Mechanics' 
Bank  Building. 

*  From  report  of  Mr.  S.  A.  Reed  to  National  Board  of  Fire  Underwriters. 

t  For  examples,  see  "Comparison  of  English  and  American  Types  of  Fac- 
tory Construction,"  by  John  R.  Freeman,  in  Journal  of  Assoc,  of  Engineering 
Societies,  January,  1891. 
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A  number  of  ca.s<?s  of  the  cuHnpse  of  structures  due  to  unpro- 
tected cuat-iron  columns  occurred  m  tl:ie  San  Francisco  fire,  and 
there  were  nunriprf)U8  example  of  another  inhf'ront  weakness  in 
caat  columns,  riz.,  the  presence  of  internal  stresses  in  tlie  rnetal, 
caused  by  the  c<Miling  and  shrinking  of  the  metal  when  cast. 
Such  internal  Ktrcss(»s  arc  particularly  hable  to  occur  at  the  topg 
of  columns  where  lugs  or  brackets  are  Ci^st  on  the  shaft  (bb  is 
usually  the  case),  thu8  resulting  in  weaknessei?  at  such  points. 
Many  instances  were  found  where  evidently  such  weaknesseSi 
under  the  a<3ditional  strips  of  heating  and  crxjling,  causetl  the 
heads  of  cast  columns  to  break  off,  but  still  remain  attached 
to  the  girders  and  beams  by  means  of  the  lugs  and  bolts. 

Another  objection  to  the  use  of  cast  columns  is  the  fact  that 

failure,   from   whatever  cause,   usually   means  the   collapse  of 

^^tbe  structure.     In  the  San  Franrisco  fire  literally  hundreds  of       ^M 

H instances  were  found  of  the  pMrtinl  settling  or  deflection  of  steel      ^M 

^B  columns,  but  the  collapse  of  the  floora  aroumf  same  occurred  in      ^U 

^F  only  one  or  two  instances-     In  the  Parker  Building  fire,  pre-      ^| 

viously  described  in  Chapler  VI,  the  failure  of  cast  columns 

resulted    in   a    collapse    so    sudden   that    three    firemen    were 

killed    and    many  injured.      Injury  to    large    jwrtions  of  the 

building  and  great  loss  of  contents  in  the  lower  stories  also 

resulted. 

Fire  Tests  of  Cast  Columns.  —  The  tests,  conducted  in  New 
York  City  in  18116,  previously  referred  t^,  included  three  testa 
on  CAst  columns,  as  follows: 

Test  No.  3  was  of  a  cast-iron^  round,  hollow  column,  with 
faced  flang*^  at  both  ends.  The  highest  temperature  registered 
was  r25Q°  F.  Deflection  at  the  center  occurred  in  1  hour  and 
8  minutes  after  start  of  test.  The  load  was  84.8  tons,  tem- 
perature 1II17  degrees.  The  coniymted  breaking  load  was  451 
ton^,  safe  load  90.2  tons. 

Test  No.  4  consisted  of  an  unprotected  ca^t-iron,  round, 

hollow  eohunn.     Bending,  at  alx>ut  the  center  of  the  column^ 

started  after  35  minutes  of  exposure,  under  a  loading  of  84.8  tona 

i  and  a  temperature  of  1350  degrees.     Eight  minutes  later,  under 

[the  same  loading  and  a  temperature  of  1550  rh^grees,  fracture 

I  occurred  at  the  center  of  the  column  where  the  deflection  was 

1  greatest^    A  crack  was  also  developed  above  the  point  of  fracture 

on  the  convex  side. 

I         Test  No.  5  combined  a  fire  and  wat^er  te^t  on  a  cast-iron 
'  column,  8  inches  diameter  by  1-inch  metal.     The  maximum  tem- 
perature record*Hl  was  1300°  F.     The  column  started  bending 
in  2  hours  and  15  minutes  after  the  beginning  of  the  teat,  eitftt 


r216         FIRE   PHE\'T1NTI0N   AND   FIRE   PROTECTION  ^M 

several    applicatioDs    of    cold    water.     The    temperature    wa^*~ 
1275  degree?,  lotwi  on  column  SA.H  tonn.     At  the  conclusion  of 
the  test  the  coJumn  Wixa  found  to  be  biidly  bent,  but  wa.s  otlicr- 
wiae  uninjured,  Blthoiigh  the  column  waa  at  a  red  lieat  when 
water  was  last  applied. 

Conclusions.  —  The  results  of  the  above  tests  should  not  serve 
to  detract  from  the  importance  of  adequat-ely  protecting  all 
load-bearing  members  of  cast-  or  wrought-iron  or  steel.  No 
building  can  he  dcM^med  fire-resisting  in  which  such  unprotected 
memliers  occur.  The  amount  of  protection  required  varies  in 
proportion  to  the  exposure  to  be  expected  and  to  the  load  to 
be  borne* 

Stones*  —  All  stones  under  the  action  of  severe  heat  will 
crack,  shel!  or  calcine,  according  to  the  nature  of  the  materiaL 
Hence  the  use  of  atone  in  buildings  intended  %>  be  Ere-r^isting 
should  be  carefully  limited  to  cases  where? severe  exposure, 
whether  from  the  burning  of  adjoining  or  nearby  property  or 
from  highly  combustible  contents,  is  not  to  be  expected.  Even 
then,  conflagration  will  almost  invariably  require  the  replace- 
ment of  st<jne  masonry. 

f  The  common  building  stones  comprise  granite^  limestone, 
marble  and  sandstone.  The.se  will  each  be  considered  in  some 
detail,  but  for  a  more  complete  illustrated  account  of  experi- 
mental fire  testa  on  various  stones,  both  early  and  recent,  the 
reader  is  referred  to  Bulletin  No*  100,  ''Fire  tests  on  some  New 
York  Building  SUmes,"  issued  in  1906  by  the  New  York  State 
Education  Department  (Albany,  N.Y.),  from  which  the  follow- 
ing quotations  are  taken. 

The  experimental  tests  lately  made  by  the  United  Stat 
Government  at  the  Underwriters'  Laboratories  in  Chicago  ii 
eluded  fire-tests  on  the  four  kinds  of  stone  mentioned  above, 

>  regard  to  which  Bulletin  No.  370  estates  that  "the  serious  dama 
to  the  various  natural  building  stones  preclud«i3  any  comparis 
among  them." 

Granite*  —  Granite  wiil  explode  and  fly  off  in  fragments, 
it  will  disintegrate  into  a  fine  sand.     In  some  building  laws  t 
non-lire-res  us  ting  character  of  granite  is  clearly  recognized, 
that  brick  or  terra-cot  la  protection  is  requiretl  for  granite  sup- 
porting members.     The  face  of  granite  stones  wiU  spall  or  spli; 
off  and  this  often  with  considerable  explosive  violence.     GranitI 
muIliODs  which  have  been  exposed  to  flame  may  commonly  \ 
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Been  in  which  the  exterior  comers  have  bo  split  off  as  to  leave 
the  face  V-Hhiiped. 

The  coiir-w-gminoti  granites  were  dimiaged  th<'  most  by 
cracking  very  irn^^'darly  aruiind  the  IiidividunI  mineral  oon- 
Btitnents.  Naturally'',  such  craekin^  of  the  stone  in  a  building 
might  cause  the  walls  to  cmmljle.  The  cracking  h  due,  past^ibly, 
tj>  the  coarseness  of  texture  and  the  diffcrctices  in  coefEciency  of 
expanBiun  of  the  various  inincrjil  f-oni^tituents.  Some  minemla 
expand  more  than  others  and  the  strains  occasioned  thereby  will 
tend  to  rupture  the  stone  more  than  if  the  mineral  roniposilion 
is  simpler.  This  rupturing  will  be  i^reater,  too,  if  the  rock  be 
coarser  in  texturf\  .  .  .  The  fine-grained  samples  showed  a 
tendency  to  spull  uff  at  the  corners^. 

The  Baltimore  fire  exhibited  many  noteworthy  examples  of 
HeriouH  damage  to  granite.  Fig.  43  illustrates  the  interior  of 
United  States  l^ublic  Store  House,  No.  1,  showing  one  granite 
column  entirely  gone,  and  others  badly  spalled. 

Limes  tone  and  Marble.  —  Limestones  and  marbles  are 
damagetl  by  heat  more  than  any  other  building  stones.  They 
become  calcined  or  decomposed  into  lime  under  intense  heat* 
This  ha*s  been  clearly  demonstrated  in  many  fires.  Limestone 
fronts  have  been  totally  de^^troyed,  while  the  brick  backing  has 
often  remaincfl  comparatively  uninjured.  The  destruction  oi 
the  marble  facade  of  the  Home  Life  Building,  described  in  Cliap- 
ter  \T,  wius  a  case  in  point.  No  incombustible  material  irjuffered 
more  uniform  destruction  in  the  Baltimore  fire  than  diri  marble. 

The  limestones,  up  to  the  point  where  calcination  begins 
{mo  to  800°  C.)  were  little  injured,  but  above  that  point  they 
faileLl  badly,  owing  t-o  the  crumbling  caused  by  the  flaking  of  the 
quicklime.  The  purer  the  .stone,  the  more  it  will  crumble. 
Marble  behaves  similarly  to  limestone;  bntj  because  of  the 
coarseness  of  the  texture,  also  cracks  considerably. 

8silldstoiie«  —  Compact,  fine-grained  sandstones  should  with- 
filand  the  action  of  fire  better  than  any  other  stone  usually 
employed,  but  its  action  is  decidedly  problematical.  Thus,  in 
some  causes,  where  exposed  to  even  severe  heat,  saivdstones  have 
been  comt)aratively  uninjured  except  for  minor  .si)ailing,  and 
discoloration  due  to  smoke*  In  the  New  England  Building 
fire  in  Boston,  1910,  the  dark  red  sandstone  trim  stood  up  veiy 
well,  an[l  in  the  Baltimore  fire  two  buildings  of  interior  wooden 
construction  were  completely  burned  out,  as  well  as  all  the  sur- 
rounding buildings,  but  the  face  walls  of  sandstone  withstood 
the  hf^ai  wUhoni  apparent  daratige.     On  the  other  hand  in  th 
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BecJford  street,  fire  in  Bo.itdn.   ISS9,  \\\  whiclj  the  brown  sanil- 
stone  buikJingrt  dcsigni'tl  l>y  H.  H,  Richanlson  were  deatroytHl, 
Hbe  sandstone  was  badly  affected  by  fire  and  water* 

^B       All  the  sandstnnos  whit.-h  wore  tcsteri  were  fine  grained  and 
Huther  compact.     All  suffered  some  injur\%  though,  in  most  cases 
^he  cracking  was  along  the  lamination  planKs.     In  some  cubes^ 
however,  transver.se  craekw  wer(^  lilso  develnpfd. 

The  variety  of  samples  was  nut  i^reat  enuugh  to  warrant 
any  eonelusive  evidenre  toward  a  detf'niiinatKin  of  the  eontroi- 
ling  factors.  It  would  seem,  however,  that,  the  mopt^  compact 
and  liard  the  stone  is,  the  better  will  it  resist  extreme  heat.  The 
relation  of  the  percentage  of  absorption  to  the  effect  of  the  heat 
is  interesting.  In  a  general  way  the  greater  the  absorption,  iha 
greater  the  effect  of  the  heat.  A  very  porous  sandstone  will  be 
retiueed  to  sand  and  a  stone  in  which  the  cement  is  largely 
limonite  or  clay  will  suffer  more  than  one  held  together  by  silica 
Of  lime  carbonate. 

Brickwork.  —  Many  fires  have  fully  demoiifttrat^l  the  fire- 

rc-flisting  qualities  of  good  briekwork.     Its  ability  to  withstand 

fire  and  wat(*r  tests  depeiuls  upon  (Vi )  the  method  of  inanuftK^turc, 

(6)  the  ehemical  properties  of  the  materials  employed,  ic)  the 

P  method  of  use. 

H  Method  of  AfafUifacture,  —  When  the  old  style  up-draught 
Tciln  was  used  for  the  burning  of  the  brick,  the  pfjsition  of  the 
brick  in  the  kiln  affected  the  flre-n^si sting  properties.  The  clinker 
nr  ttreb  bricks,  which  form<*d  tlie  arches  in  whi<'h  the  fire  was 
built,  w^ere  usually  overlmmed  or  partially  vitrified.  These 
posseaaefi  adnjirable  fire-rt^sisting  propcrtieSp  biit  for  use  in 
load-bearing  walls  or  piers  were  itm  weak  and  too  brittle, 
Ithotigh  very  hard.  The  soft  bricks,  which  fonnefl  the  ex- 
ior  of  the  kiln,  were  usually  underburned  and  tO(^  soft  for 
'dinary  use.  The  lx>dy  or  hartl  brickK,  in  the  interior  of  the 
5,  could  alone  be  used  for  the  best  results  under  load  and 
resistance. 
With  the  newer  styles  of  pi^rmanent  down-^Jraught  kihis,  the 
itjon  of  the  brick  during  the  bunnng  is  much  less  important 
lan  WJJJ^  formerly  the  ease,  as  the  quality  is  very  nearly  uniform 
jroughout  tJie  kiln.  The  chemical  composition  of  the  clay  is 
low  the  most  important  factor  in  de(cnnining  the  tire  resistance 
the  brick. 

Chevikal   Froperlies.  —  The   firo-r^'sisting   profHyrties   depend 
chiefly  upon  the  amounts  and  properties  of  silica  and  alumina 

ID  the  clay,  and  also  ujx^n  the  timounts  of  oxide  o{  iiovv^  \\ia^, 

I 
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magnefsiaj  pntiish,  etr.  Common  clivVt  used  in  the  manufacture 
of  common  brick,  consists  print- jpally  of  silicate  of  alumina,  lime, 
magnesia  and  oxide  of  iron.  The  latter  ingredient  iiddi?  to  the 
hardness  atid  strength  of  tfie  brick. 

"Uncombined  siliea,  if  nnt  in  excess,  m  beneficial,  iis  it  prcs 
fiervea  the  form  of  the  brick  at  high  temperatures.  In  excess 
it  destroys  the  cohe^iinn,  and  renders  the  bricks  brittle  and  weak. 
Twenly-tivc  per  cent,  of  silica  is  a  good  proportion.''* 

For  fire-brickB  intended  to  resist  extreme  heat,  without  heavy 
loads,  silica  should  be  uned  in  exceaa  of  the  proportion  stated 
above,  "The  prcsenro  of  oxide  of  iron  is  verj^  injurious  and, 
ae  a  ruk%  the  presence  of  Ci  per  cent,  justifxe^?  the  rejection  of  the 
brick.  In  specifications  it  should  generally  be  stipulated  that 
Sre-brick  should  contain  less  than  6  per  cent,  of  oxide  of  iron,  and 
^less  1,han  an  aggreg^i-te  of  3  per  cent,  of  combined  lime,  soda  and 
potash,  anti  magnesia.  The  sulphide  of  iron  —  pyrites 
even  worse  in  its  effect  on  fire-brick  than  the  subetances  first 
named." 

Afethod  of  Use.  —  Good  firi^resisting  brick  should  l>e  of  homo- 
(^eneous  composition  and  texture,  regular  in  shape,  uniform  in 
size,  strong  and  infusible.  Experience  has  shown  that  the  most 
efficient  brick  masonrj^  requires  cement  mortar,  good  boncjing 
by  means  of  headers,  the  tying  of  walls  to  floor  and  ri^Mjf  rhemfjcrs 
by  adequate  ties  or  anchors,  and  a  sufficient  thiekncas  or  mass 
Ui  resist  fire.  For  further  discussion  of  masonrj''  walls  see 
Chapter  XX. 

Fire  Tests  of  Brickwork,  —  Of  the  Geological  Survey  tesi 
BuJletin  No.  370  states  aa  follows: 

The  brick  panels  probably  withstood  the  tests  better  tha 
the  other  materials.  The  common  brick  tested  comprised  un- 
use<l  new  Chicago  bricks  and  used  St.  Ijouis  brick.  Mft^^  per 
cent,  of  the  upw  bricks  were  split,  while  6(1  Ui  70  per  cent,  of  the 
old  bricks'  were  not  damagefb  Lime  knots  seemed  to  be 
sponsible  for  most  of  the  damage  to  the  new  bricks,  jis  they  wen 
found  at  tlie  bottom  of  nearly  all  the  cracks.  The  bri(iks  a^ 
the  back  of  the  panels  were  entirely  unaffected.  While  thfl| 
strength  t^sta  are  not  conclusive,  there  is  apparently  little  differ 
ence  in  the  strength  of  these  bricks  before  and  after  firing. 

Both  the  Baltunore  and  San  Francisco  fires  demonstrate 
that  good  quality  Ijrickwork,  used  for  walls  or  column  casing 
Buffcn^l  less  than  any  other  material. 

*  See  "A  Tre&tiBe  cm  Manonry  CofifltrucLiuii/'  1.  U.  Hakcr. 


1 


I       II 

1 


I 


I 


MATERIALS   OF  FTRE- RESISTING   CONSTRUCTION      221 

Ordinaiy  woll-burnod  brick  of  gootl  (lualilv  ii*  the  most  satis- 
jimtoTy  fire-resisLive  iiuiterijil  now  os*^  in  l>iiil(Iiiig  eonstruclion.* 
Where  the  walls  were  laid  with  hard  brick,  with  plenty  of 
^  iers  and  in  Portland-cement  mortar,  and  were  properly  tied 
Tthe  floor  and  roof  members,  there  w^as  little,  if  any,  damage. t 

SAnd-llme  Bricks  are  made,  as  is  indicated  by  their  name, 
of  aand  and  lime.  The  product  id  by  no  means  new,  as  the 
ancient  Romans  used  bricks  mswle  of  pulverii!ed  lime  and  sand 
or  stone  dust,  which  were  exi^sed  t,o  the  air  to  harden.  Briek>t 
of  this  ch'araeter  are  «tiH  to  be  found  in  perfect  condition.  A 
Bimilar  procesa  was  followed  for  many  years  in  Gennaiiy  and 
Switzerland,  but  while  the  bricks  proved  durable,  the  process 
was  not  commercially  successful  on  account  of  the  expense  of 
the  large  quantity  of  lime  uhihI,  and  on  account  of  1  lie  long  time 
neeessary  to  complete  the  hardening.  The  discovery  of  Dr. 
Michaelis  (a  Berlin  chemist),  in  1880,  that  considerably  less  linic 
could  auccesafuily  be  used,  and  that  better  reaulta  could  be 
obtained  by  iiubjecling  the  bricks  to  a  heavy  steam  pressure 
after  moulding,  caumxl  reaewod  interest  in  the  induNtry,  et^peciatly 
ill  and  about  Potsdam,  Ciermany,  where  there  is  little  stone  but 
great  deposit  of  mnd.  After  careful  government  inspection 
these  bricks  were  finally  recognized  as  suitable  Imilding  material. 
The  industry  is  now  extensive  throughout  Germany,  France, 
Switzerland  and  Great  Britain. 

The  first  sand-lime  briek  plant  to  be  started  in  the  United 

itates  was  at  Michigan  City,  Indiana,  in  11X11.     There  are  now 

not  less  than  20(3  factories  making  these  bricks  in  the  United 

States  and  in  Canada,  these  plants  ranging  from  a  capacity  of 

35,000  a  day  up  tt>  aa  high  aa  150, (KM)  per  day. 

Pr€^ces&  of  Mamifacture.  —  Sand-lime  bricks  are  very  similar 
to  Indiana  limestone  in  color  and  composition.  They  arc^  made 
of  pure  sihca  Hand,  cheaply  obtained  in  a  sand  bank,  and  high 
calcium  lime.  The  proportion  of  hydrated  lime  varies  some- 
what w  ith  local  conditiona  or  process  of  manufaeture^  l>ut,  broadly 
speaking,  it  may  be  said  that  7  J  per  cent,  of  lime  is  used  to 
92i  per  c«nt.  of  the  silica,  with  a  very  small  amount  of  water. 
The  Band  is  carefully  graded  as  to  size,  so  aa  to  make  a  compact 
brick,  and  in  the  mixing  process  care  uhould  be  taken  to  coat 

•  Baltimore  Fire,  National  Fire  Protection  Association  Report, 
t  San  Fiwaciico  Fire,  Mr,  Richard  L.  Humphrey  in  United  StaUis  Oc^oJoglcal 
Bttlletia  No.  324. 
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each  particle  of  sand  with  lime.  This  mixture  is  then  pressed 
into  bricks,  and  piled  on  cars,  which  are  run  into  a  "hardening 
cylinder,"  where  they  are  subjected  to  steam  pressure  at  from 
125  to  150  pounds  for  from  10  to  12  hours.  As  soon  as  the 
bricks  are  cool  enough  to  handle  they  possess  a  clear  metallic 
ring,  and  are  ready  for  use.  They  are  low  in  porosity  and  have 
a  high  tensile  and  crushing  strength  and,  as  chemical  action 
continues  when  they  come  in  contact  with  the  air,  they  become 
denser  and  stronger  with  age. 

While  the  natural  color  is  light  gray,  they  can  b^  made  of 
almost  any  color  or  shade,  thus  affording  great  opportunities 
for  color  schemes.  They  are  also  particularly  adaptable  to 
interiors  of  factories,  warehouses,  etc.,  and  for  interior  courts, 
where  their  light  color  contributes  reflected  light  without  addi- 
tional cost.  The  cost  varies  considerably  according  to  locality 
and  grade,  ranging  from  five  dollars  per  thousand  for  "sand- 
lime  commons"  in  Chicago,  to  forty-eight  dollars  per  thousand 
in  Washington  for  tinted  facers.  They  have  nearly  always 
sold  on  a  parity  with  clay  bricks  in  markets  where  they  have 
been  introduced. 

Fire-resisting  Qualities.  —  The  following  extracts  regarding 
the  fire-resisting  qualities  of  sand-hme  brick  are  from  the  report 
made  by  Prof.  Ira  H.  Woolson  to  the  National  Association  of 
Manufacturers  of  Sand-lime  Products:  * 

One  of  the  principal  dbjects  of  this  investigation  was  to 
determine  the  fire-resisting  properties  of  these  brick  by  a  prac- 
tical full-size  test  in  comparison  with  common  clay  brick.  For 
this  test  the  writer  used  the  partition  test  house  at  his  Fire-test- 
ing Station  at  Columbia  University. 

The  brick  were  laid  in  bands  about  14  inches  wide.  In 
order  that  each  variety  of  brick  might  be  subjected  to  the  same 
heat  conditions  as  far  as  possible,  only  half  of  a  band  was  laid 
on  the  saine  level  in  the  wall.  The  other  half  was  placed  in 
some  other  position.  .  .  . 

It  was  also  decided  to  test  the  merits  of  lime  vs.  cement 
mortars  along  with  the  brick.  For  this  purpose  half  of  each 
wall  was  laid  with  the  different  mortars.  The  walls  were  17  days 
old  when  tested. 

Purpose  of  the  Test.  —  The  purpose  of  the  test  was  to  de- 
termine the  effect  of  a  continuous  fire  against  the  walls  for  two 
hours,  bringing  the  heat  up  gradually  to  1700°  F.  during  the 
first  half  hour  and  maintaining  an  average  of  1700  degrees  dur- 

*  See  "Tests  of  the  Strength,  and  Fireproof  Qualities  of  Sand-lime  Brick," 
by  Ira  H.  Woolaon,  Engineering  News,  June  14,  1906. 
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mg  tlic  iTmainder  nf  1  lip  test,  'J1ien  n  U-inch  stream  iif  eohl 
watf^r  to  ])o  tlirown  agHinsl  tKc  vviill  for  thrcr  ininiitCH  nt  Irydrahl 
ss\ire,  which  at  this  Jntitition  varii\H  fnim  2')  to  IM)  pou^(i^t;  ,  ,  , 
Effect  of  the  Teat,  —  Several  liirpe  t^raek.'^  developed  in  hoi  h 
le  sand-hiiie  and  the  rlay-hrirk  w^lls  fhinTig  {\ip  test.  Theae 
vn^  no  vvoFKe  in  one  wall  Uian  in  the  other  atuJ  were  expeeted, 
for  all  walls,  whet  lier  brick  or  concrete.  It  was  not  apparent  th*it 
the  kind  of  mortar  had  any  elTeet  upon  the  tendency  of  the  wall 
-to  crack. 

m       A  furious  fire  was  maintained  for  the  allotted  tinii%  al  the 

Kcpiratlon  of  which   the  water  was  applied   in   the  regulation 

manner.     ATitli  tlif!  exception  (>f  surface  deterionition  the  walls 

were  siolid  and  in  good  condition.     After  they  were  cooled  the 

nside  course  of  each  wall  was  cut  through  and  specimens  of  each 

iries  secur€xl  fi>r  examination  and  tent,     Thijs  opening  was  made 

t  the  middle.     It  was  about  3  feet  wide  and  extcnfled  nearly 

cross  the  building  vertically.     It  wa,s  very  diHieult  to  secure 

hole  bricks  owing  t<*  the  ext rente  brittleness.     We  endeavored 

>  secure  two  samples  from  each  series  for  test  without  tearing 

o\\Ti  the  whole  wall  imd  in  most  cs^uses  were  succesi?fuL  .  .  . 

In  general  the  bricks  were  affect<'d  by  fire  atiout-  half  waj^ 
"trough.  They  were  all  brittle  and  many  of  them  tender  when 
mioved  from  the  wait.  With  the  8aiid-Ume  brick^  if  a  Itriek 
roke  the  remainder  had  to  be  chLsflc^d  out  like  concrete,  whereas 
clay  hriek  under  like  conditions  would  chip  out  easil^r.  The 
lay  brick  were  so  brittle  and  full  of  cracks  that  the  wall  could  be 
iroketi  down  without  trouble.     The  i^and-lime  bricks  julhered 

the  mortar  better,  were  cracked  less  and  were  not  ao  brittle^ 

rhe»e  conditions  made  their  removal  much  more  difficult.     They 
ill  doubtleHs  get  harder  as  the  water  dries  out  of  them. 

The  clay  brick  cracked  and  spalled;    the  sand-lime  brick 

aiihed  away  on  tVie  surface  and  became  tender.     It  was  difficult 

y  find  a  clay  brick  that  was  not  crackcH!  in  two  or  more  pieces 

IS  they  lay  in  the  wall,  but  there  were  many  sand-lime  bricks 

that  were  apparently  free  from  cracks;   however,  they  were  very 

^pt  to  break  in  prying  out.     The  half  bricks  from  the  clay  wall 

■rhen  stnick  with  similar  eand-limc  brick  would  in  most  casea 

Blatter  first. 

■"  SubMefpieitt  Note.  ~  Since  this  jjaper  was  writt(*n  a  larpe  part 
Hf  both  the  walls  aubudtted  to  the  fire  test  have  been  cut  out, 
and  it  is  m}^  candid  opinion  that  the  sand-lime  bricks  were  in 
much  better  condition  than  the  clay  bricks.  This  opinion  is 
emphatically  eniiorsixl  by  the  brick  masons,  who  tlid  the  work, 
also  by  others  who  examined  the  walls, 

Pressed-  or  Face-It riek.  —  Experimental  te^its  and  practical 
tests  fumi-^hed  by  bunied  buildings  seem  to  oiTer  decidedly 
conflicting  testimony  aa  to  the  ability  of  pressed-brick  to  resist 
fire.  Thus  in  the  United  States  GiMilogical  Survey  tests  of 
building  mat-eriaLsj  *'tlie  hydraulic-pressed  brick  wlthat/i^id  ^Jtvie; 
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test  very  well.  No  damage  was  apparent  after  the  firing  and 
before  the  water  was  applied,  and,  although  a  number  of  the 
bricks  were  cracked,  70  per  cent,  of  them  were  found  to  be  sound 
after  quenching."  In  this  test  no  spalling  of  the  bricks  was 
observed.  This  result  is  very  different  from  the  behavior  of 
pressed-brick  in  the  Baltimore  fire,  where  considerable  damage 
resulted  in  many  instances.  In  the  Union  Trust  Company's 
Building  many  quoins  and  raised  belt  courses  of  face-brick  were 
split  off  even  with  the  face  of  the  wall,  and  in  the  Maryland  Trust 
Company's  Building  many  of  the  face-brick  piers  in  the  upper 
stories  were  badly  scaled  over  considerable  areas.  Damage  to 
face-brick  at  the  comers  of  window  reveals,  etc.,  was  very 
common. 

The  difference  between  the  results  of  these  experimental  and 
actual  tests  would  seem  to  be  ^this,  —  the  exf)erimental  test 
quoted  above  was  made  on  a  perfectly  flush  panel  about  six 
feet  by  nine  feet  in  size,  built  into  a  surrounding  frame  of  fire- 
brick, thus  having  no  exposed  edges;  —  whereas  practical  use 
in  buildings  requires  not  only  comers  at  openings,  but  also  piers 
which  may  be  subjected  to  great  heat  on  three  sides  at  the  same 
time. 

In  Mr.  Himmelwright's  report  on  the  San  Francisco  fire,  the 
following  conclusions  are  given  regarding  face-brick: 

Various  varieties  of  brick  were  also  used  in  the  fagades. 
A  silica  brick,  stamped  with  a  diamond,  enclosing  the  letter  S. 
proved  very  refractory  and  gave  excellent  results.  The  bun 
pressed  terra-cotta  brick,  next  to  the  silica  brick,  developed  the 
best  fire  resistance.  The  common  red  pressed-brick  was  also 
used  and  gave  good  results.* 

No  better  material  for  fire-resisting  wall  constmction  —  that 
is,  of  a  finished  nature  —  can  be  selected  than  pressed-brick, 
but  minimum  damage  requires  the  use  of  plain  unbroken  sur- 
faces, with  rounded  comers  at  all  salient  angles. 

Glazed  Brick.  —  The  scaling  of  glazed  brick  in  the  Baltimore 
fire  was  also  noticeable,  especially  in  courts  where  the  heat  was 
more  confined,  and  around  window  openings  where  draughts 
of  air  occurred.  Similar  damage  was  frequent  in  the  San 
Francisco  buildings. 

*  See  "The  San  Francisco  Earthquake  and  Fire,"  by  A.  L.  A.  Himmel- 
wrigbt,  C.  E.,  puh/flJMd  by  the  The  Roebiing  Construction  Company. 
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Arehlteetural  Terra-Cotta.  —  Method  oj  Manufaciure,  — 
Primarily,  architectiirnl  tciTii-fottii,  na  the  namo  implies,  m  a 
bumt-clay  materiiil,  Iml  it  dilTiTH  from  hriek  in  thiil  it  is  made 
of  two  or  niore  riays,  Hflrrti'tl  for  various  properties^  thoroughly 
mixetl  t-ogether  in  ilefinit<!  proporlioiw  witli  grit  (ground  terra- 
cotta previously  bonied).  Fiirthc'rmorp,  it  h  not  a  stock  matt^ 
rial  like  brick.  Every  pieee  h  made  entirely  by  htintl  according 
to  the  architect'n  design,  and  irf  intended  to  occupy  a  (pertain 
place  in  the  projxwed  building. 

Very  gn?at  de\'elopment  in  architectural  terrarcotta  has  tak«n 
place  in  comparat  ively  refx^nt  yeara.  Instead  of  being  dependent 
now  upon  the  natural  bunit-clay  colors,  it  may  be  made  in  an 
endless  variety  of  soft  or  l>ritUant  coloifl.  The  clay  bofly  vari<»« 
only  slightly  in  color  tone  for  the  different  colore.  The  effect 
is  obtained  by  glazing  or  covering  the  body  with  a  color  slip 
which  is  thoroughly  incorporated  with  the  body  during  the 
process  of  firing  in  the  kdn.  The  highest  order  of  ceramic 
chemical  knowledge  is  neees>sary  to  bring  these  results  about 
Buccessf  nOy . 

Another  greiit  development  is  owing  to  the  improved  me- 
chanical accuracy  and  efficiency  of  architectural  terra-cotta. 
Wkile  formerly  it  wa8  uned  exclusively  for  the  decorative  features 
of  buildings,  hecauae  easily  mmlelcd,  now*  entire  fagades  (includ- 
ing some  of  the  tallest  skyscrapers)  are  made  of  architectural 
lerra-cotta  alone,  buth  the  wall  faeces  and  the  decorative  members. 

Polychrome  terra-cotta  or  faience  is  the  most  recent  ilevelop- 
ment  and  is  coming  into  ever  increasing  popularity  for  brighten- 
ing the  facade  of  a  buildingj  or  for  interior  decoration » 

However,  few  elianges  have  taken  place  in  the  methods  of 
tnanufacturt^  exccjit  for  minor  differences  in  the  type  of  machinery 
\iaed,  and  the  added  eciuipmciit  necessary  for  the  application  of 
color.  In  the  east  the  elay  comes  largely  from  New  Jersey, 
in  some  cases  from  banks  that  were  operated  thirty  years  ago. 
At  the  fact^jry  it  is  mixed  and  ground  in  large  revolving  "wet 
pans"  and  forced  through  a  pug  mill.  Enough  water  is  added 
in  the  mixing  process  to  make  it  plastic  and  eaniiy  mtwleled. 
Separate  modeL-j  are  made  for  each  piece  of  differently  shaped 

tterra-cotta,  and  pUustcr  moulds  are  taken  from  these  models. 
When  a  great  number  of  pieces  of  the  same  size  and  shape  are 
needed^  several  moulds  are  necessary,  but  for  an  ordinary  run 
Of  froiu  5U  to  100  ijiuiilar  pieces,  one  mould  is  aut&c\teii\i.    T\]h& 
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terra-cotta  is  pressed  by  hand  into  the  mould,  left  for  a  while  to 
dry  and  stiffen,  and  is  then  turned  out  and  finished  by  hand. 
After  drying  a  while  in  a  slightly  heated  atmosphere,  it  ii^  taken 
to  the  dryers  where  the  temperature  is  about  150  degrees.  When 
bone  dry  it  is  taken  to  the  spraying  room  where  the  color  is 
pneumatically  applied.  In  the  case  of  polychrome,  this  is  done 
with  painstaking  care.  It  is  then  loaded  in  muffle  kilns  where 
the  heat  passes  through  double  walls  so  that  the  flame  and  gas 
may  not  come  into  direct  contact  with  the  material.  The  door 
of  the  kiln  is  sealed  up  and  the  heat  gradually  raised  to  a  tem- 
perature approximating  2300°  F.  At  this  point  terra-cotta  is 
white-hot  and  translucent,  and  the  color  coat  or  glaze  fluxes 
together  in  the  exf)ected  chemical  reaction.  The  kiln  is  then 
gradually  cooled.  The  time  is  equally  divided  between  raising 
the  heat  gradually,  keeping  the  heat  at  the  highest  desired  point, 
and  coohng  gradually.  When  the  kiln  is  unloaded  the  work 
is  laid  out  on  the  fitting  shop  floor,  fitted  in  sections,  carefully 
measured,  and  in  the  better  class  of  factories  the  joints  are 
ground  by  machinery  to  accurate  alignment. 

Terra-cotta  in  the  finished  state  is  very  hard,  and  owing  to 
the  glaze  is  absolutely  impervious.  When  properly  constructed, 
it  will  bear  any  necessary  amount  of  compression. 

Terra-cotta  construction  differs  to  some  extent  from  the 
method  of  construction  employed  for  other  structural  materials, 
as  is  pointed  out  in  more  detail  in  Chapter  XX.  Before  the 
terra-cotta  is  made,  the  manufacturer  redraws  the  architect's 
plans  to  J-inch  scale,  showing  the  construction  in  complete 
detail,  with  bonding,  anchoring  and  jointing.  These  drawings 
are  subject  to  the  architect's  approval.  With  every  shipment, 
complete  setting  drawings  are  supplied  for  the  builder. 

A  very  high  grade  of  labor  is  employed  in  the  modeling  de- 
partment, one  or  two  able  sculptors  usually  being  in  charge. 

Durability.  —  As  to  its  durability,  Mr.  F.  E.  Kidder  in  his 
''Building  Construction''  states  that 

In  Europe  there  are  numerous  examples  of  architectural 
terrarcotta  which  have  been  exposed  to  the  weather  for  three  or 
four  centuries  and  are  still  in  good  condition,  while  stonework 
subjected  to  the  same  conditions  is  more  or  less  worn  and  decayed. 

When  properly  made,  ornamental  terra-cotta  is  impervious 

to  moisture  or  to  the  disintegrating  action  of  frost.     The  glazed 

sJcj'n  produced  by  the  vitrification  of  the  mass  causes  the  material 
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successfully  to  resist  rlimatic  cffwts,  even  nnHr*r  the  severe 
conditions  common  to  the  United  States, 

Fire'resistmg  Propcrlies.  —  The  bf^havinr  n(  architer^tural 
terra-colta  under  fire  teat  in  the  Btdtiniore  and  8an  Francisco 
fires  was  very  di.suppointing.  Numerous  acL-ouiits,  of  the  former 
fire  especially,  have  dwelt  upon  the  apparently  excellent  showing 
made  by  this  niateritil.  From  the  street,  or  from  a  superficial 
exarriinatioii  only,  many  brick  and  terra-cotta  walls  appeiin^^l 
to  be  little  injured,  when,  in  fact,  the  terra-cotta,  although  re- 
taining  its  form,  wjui  quite  destroye<l.  Thus  in  several  huildingj^ 
where  walls  of  this  eharaetrcr  scc^mtKl  to  have  sustained  but 
trifling  injury,  the  iuliuste<i  iire  loss  and  actual  reconstruction 
told  a  far  different  story.  Brick  walls  with  terra-cotta  trim 
were  enlirelij  rephu-ed  in  the  UnioTi  Trust  Company's  anfl  IJorald 
Buildings  (having  been  condomned  by  the  city  authorities  in 
the  former  crise),  while  in  the  Calvert  Building  the  adjusted  loss 
on  ornament  111  terra-cotta  was  73.5  per  cent,,  in  the  Etiuitable 
Building  70  per  cent.,  antl  in  tlie  IMaryland  Trust  Company's 
Building  75  per  cent. 

The  report  of  the  National  Fire  Protection  Association  states 
that  "Good  terra-cotta  wall  trim,  when  reasonably  phiin  and 
free  from  ornamentation  invTiIving  irregular  shapes,  is  superior 
to  stone  but  not  ho  desirable  as  l>rick/'  This  (arefully  guarded 
statement  on  the  part  of  the  undervvTit€r.s  who  framed  tliat 
report  was  further  justified  by  the  showinj^  made  l>y  architectural 
terrarcotta  In  the  San  l''raiicis<'o  conflagration, 

L  Of  the  terra-cotta  fronts,  most  were  destroyed,  for  instance 
l^e  Bullock  and  Jones  Building,  Terra-cotta  l>riek  spalled 
everywhere.  .  ,  ,  Eitlier  stone?,  briek  or  terra-cotta  was  useil 
around  windows,  and  here  the  damage  was  the  worst-  In  rela- 
tion tt>  this  it  may  be  said  that  tcrr^i^cotta  is  deceptive,  in  that 
it  retains  its  form  after  lieinp;  destroyed.  Many  fronts,  appar- 
ently in  good  order,  must  be  remov^ed.  In  the  iMills  Building 
there  was  hanlly  a  window  opcTung  in  which  the  terrarcotta  sills, 
Jambs  and  heads  were  not  badly  cracked.  From  the  street, 
'  ey  had  the  appeaittnce  of  being  in  good  order,* 

[Imprommtrnfji  IVceded  in  Mauufadure  and  Use.  ^-  Injury  by 

to  architectural  terra-cotta  msults  from  either:  (aJ  direct- 

ne  action,  (b)  shattering  due  to  more  or  less  sudden  changed 


''The  Eflfecla  (A  tJit?  Hiui  Friiimnp*r  Earthtiuuke  imd  Fire  on  Engine* ring 
itruclioaa*"  Tranmttiufu  Ani,  nSye.  C,  JS",,  Vol.  1^1  X,  p.  rift. 
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tin  temperaturep  or  (c)  mechanical  damage  caused  by  poor  coTi' 
Btruction  or  by  tfie  expansion  of  covered  steel  members. 

Slight  (iamage  ysually  results  from  the  Uvsi  ami  second  causfis, 
except  where  the  material  is  highly  ornamenteLl,  or  where  manu- 
factured with  too  thin  surfaces  or  dividing  webs.  To  be  efficient 
under  fire  test,  architectural  terra-cotta  should  be  of  aa  plain  a 
surface  and  design  as  possible,  and  with  no  thickness  of  material 

,  less  than  one  and  one-half  inches. 

By  far  the  largest  part  of  damage  to  this  material  is  due  to 
the  third  (?aiise,  viz.,  its  method  of  use.  Repeated  experiences 
in  Baltimore  buildings  showed  that  the  expansion  of  steel  or 
cnat-iron  mulhons,  reinforcing  mernbera;  or  steel  spandrel  sec- 
tions cracked  and  destroyed  the  surrounding  terra-cotta  blocks 
in  window  mullions,  heads^  and  sills,  and  the  window  damage 
quoted  above  as  occurring  in  the  Mills  Building  in  8an  Franciaco 
WBB  undoubtedly  largely  due  to  this  same  cause. 

The  following  opinion  of  the  architect  of  the  before-mentioned 
Calvert  Building  is  both- interesting  and  instructive: 

I  have  always  been  a  strong  advocate  of  terrarcottaj  not  as 
a  cheap  .sul^stitute  for  stone,  but  as  a  legitimate  building  material 
worthy  of  an  artistic  expression  of  its  own,  and  have  watched  the 
development  of  its  manufacture  with  the  greatest  interest.     Here 

1 1  thought  we  had  the  real  fireprtxif  material;  and  though  it  has 

.  stood  the  fire  better  than  any  of  the  building  stones,  it  has  failed 
to  measure  up  to  expectations.  This  is  not  wholly  the  fault  of 
the  material;  its  failure  m  due  in  part  to  our  method  of  con- 
struction. Thin  shells  of  terra-cotta  suspended  from  at«el  sup- 
ports or  resting  on  exposed  ironwork  are  bad  from  an  aesthetic 
fK)int  of  view,  and  very  bad  when  subjeeted  to  intense  heat. 
The  results  of  the  fire  convince  me  that  it  is  most  important  to 
make  architectural  terra-cotta  self-supporting^  and  to  ebminat^e 

.  Ji8  far  as  possilde  the  use  of  steel  and  iron  in  connection  with  it. 

f  The  sills  and  key-blocks  on  the  Calvert  Building  were  e video tljf 
crushed  by  the  expansion  of  the  civst-iron  mullions. 

An  interesting  fact  in  regard  to  the  Calvert  Building  is 
that  on  the  west  side,  where  the  terra-cotta  was  grafluallv  heated 
by  the  approaching  fire,  the  damage  is  slight;  and  on  the  oppo- 
site, or  east  side,  where  the  w^alls  w^ere  chilled  by  the  (*old  weather 
then  prevailing,  and  subject  to  sudden  and  fierce  heat  through 
the  windows  of  the  burning  building,  the  terra-cotta  is  badly 
damaged.* 

Other  jKiints  in  connection  with  the  proper  use  of  this  material 
are  given  in  Chapter  XX* 

*  See  Joseph  Evauja  Bperry  ia  the  BrickbuUdtr,  Galtimoie  Fire  txltA  ntmi- 
ber.  March,  iU04. 
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Strufturai  Terra-cotfca.  —  The  tcMra-cotta  %isvA  for  stnic- 
I  Uiml  purposes,  iw  fur  floor  arches,  column  protections,  and  for 
jparlitioiis,  is  either  "prrrous/'  **  semi  pom  us/'  or  "hard  burned/' 
I  according  to  the  methml  of  manufuettire.  Porous  terra-cotta 
lis  also  eaJled  terra-cotta  lumberT  i^ellular  pottery,  soft  tile, 
J  porous  tile,  etc.,  while  hard  burned  terra-cotta  is  sometimes 
I  called  fire  clay,  tile,  har<l  tik^  or  dense  tile. 

Manufaflun;  of  PoroUfi  Terra-cotta,  —  Porous  terra-cotta 
|fe  made  by  mixing  sawdust  with  pure  clay,  which  is  then  moulde<l 
and  burne<l  under  m  high  heat,  causing  tlie  combustion  of  the 
fsawdust,  and  leaving  the  material  in  a  porous  state,  thereby 
reducing  the  weight  of  the  original  mass.  The  factories  or 
places  of  manufacture  are  usually  located  near  an  adequate 
supply  of  clay  of  the  required  pr«pertiea. 

Mixing.  —  Plastic  clay  is  dug  from  the  "clay  bank/'  taken  to 
the  clay  house,  where  it  is  broken  into  pieces  as  small  as  prac- 
ticJible  by  hand  labor,  and  mixed  with  coarse  soft-wood  sawdust 
I  {pine  or  spruce),  one  volume  of  sawduBt  to  two  volumes  of  clay. 
During  the  wet  season  this  mixture  is  tempered  with  a  quantity 
of  either  dry  clay  or  crushed  brick  t-o  pre%^ent  unusual  shrinkage 
tdtje  to  the  large  volume  of  water  in  the  clay.    The  mixture  is 
rpaa«ed  througli  a  disintegrator,  consisting  of  an  endless  worm 
or  cutter  revolving  in  a  sloping  trough,  which  thoroughly  cuts 
up  all  the  clay  before  conveying  it  to  the  *' pug-mill/'     The 
^'pug-niiir*   consists  of  a   hopper   at  the   t-op,    leading   down 
^between    a  set  of  two  corrugat*<l  rolla  revolving  in  different 
Jirectiona.     These  corrugations  crush  the  clay  between  them, 
allowing  stones  of  about  one  inch  diameter  or    less    to    pass 
through  whole.     Large  stones  are  separated  from  the  clay  and 
are  delivered  to  the  refuse  box.     A  second  and  lower  set  of 
smcvoth  njlls,  revolving  in  I  he  same  directions  as  the  first  set, 
crushes  the  clay  and  small  stones  into  a  thoroughly  mixed  and 
apered  state,  distributing  the  sawdust  through  the  mass  very 
venly.     In  dry  seasons  wat<^r  may  be  add(?d  in  required  quan- 
tity at  the  hopper  to  produce  a  plastic  mass. 

From  the  pug-mill  biise  a  conveyor  receives  the  clay  and 
rrics  it  to  the  machine  which  fonns  the  tile.  These  conveyors 
pjive  different  forms,  but  are  commonly  of  either  a  continuous 
dting  of  rubber  or  a  series  of  slats  in  the  form  of  a  belt. 
Dry* pun  Method,  —  In  a  large  portion  of  the  states  in  which 
ay  deposits  are  utilized,  floine  of  the  clays  are  termed  '* Shale 
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Clays,"  that  is,  the  geological  formation  is  indurated  clay  or 
shale.  This  shale  as  found  in  the  mine  or  bank  does  not  become 
plastic  until  it  has  been  ground  to  a  dust,  screened  through  a 
series  of  screens,  and  finally  mixed  with  water  to  obtain  a  proper 
consistency  and  plasticity. 

This  result  is  obtained  by  the  use  of  special  machines,  namely, 
the  dry  pan,  and  the  wet  pan  or  pug-mill. 

Dry  Pan.  —  The  dry  pan  consists  of  a  cast-iron  pan  varying 
from  5  to  9  feet  in  diameter.  This  pan  revolves  at  a  speed  vary- 
ing from  30  to  40  revolutions  p)er  minute.  Part  of  the  bottom 
of  this  pan,  nearest  the  center,  is  made  up  of  chilled  plates,  the 
balance  of  the  bottom  being  made  up  of  perforated  grates. 
Resting  on  the  solid  portion  of  the  pan  are  two  heavy  mullers, 
weighing  from  1500  to  2000  pounds  each.  These  mullers  or 
wheels  are  suspended  on  a  horizontal  shaft,  which  is  supported 
by  two  "A"  frames  (one  at  each  end),  and  on  which  these  mullers 
revolv^.  When  the  pan  is  put  in  operation,  the  pan  revolves. 
This  gives  to  the  mullers  a  rotary  motion  around  the  horizontal 
shaft.  A  certain  amount  of  shale  is  thrown  in  the  pan.  By 
means  of  scrapers  fastened  at  a  suitable  angle,  the  material  to 
be  ground  is  thrown  under  the  mullers.  By  the  action  of 
the  centrifugal  force,  the  shale  is  thrown  towards  and  over  the 
screening  plates,  and  what  is  sufficiently  fine  to  go  through  the 
perforations,  drops  below  and  is  then  conveyed  over  revolving 
or  other  screens,  and  the  tailings  are  allowed  to  go  back  for  further 
grinding. 

A  wet  pan  is  exactly  the  same  as  a  dry  pan  in  its  construction. 
The  only  difference  is  that  the  bottom  of  the  pan  is  solid  through- 
out, and  the  charge,  when  sufficiently  ground,  is  unloaded  either 
by  hand  or  automatically. 

Therefore  the  dry  pan  is  used  for  grinding  the  shale  and  , 
preparing  it  for  the  wet  pan.  The  wet  pan  is  used  for  mixing  i 
and  tempering,  and  is  one  of  the  best  devices  known  for  this  ■ 
purpose. 

The  ^'tile  machines, ^^  or  machines  which  shape  the  stream  of    j 
clay,  are  of  various  patterns,  each  of  which  has  points  which    \ 
commend  it,  but  the  natures  of  the  clay,  according  to  locality,    j 
require  different  machines.     The  machine  takes  the  clay,  and 
by  different  means  again  works  the  mass,  tempering  it  by  a  set 
of  revolving  knives  into  a  sufficiently  soft  and  plastic  state  to  al- 
low  the  required  shaping.     In  forming  the  blocks  these  machines 
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perateti  cliff erpntl>s  ant^ordmg  to  pattern  of  machine  used. 

force  the  stream  of  rlay  by  meaDs  of  a  hinged  cam.     This 
is  moved  forward  or  backward  by  another  cam  fastened 

i  center  revolving  «haft,  and,  coming  in  contact  with  thp 

i  cam,  forces  the  clay  before  it.     Othern,  in  tlie  plunger 

move  the  clay  by  means  of  a  piston  heafl,  operated  cliriM^tly 
an  independent  cylinder.     In  either  case  the  clay  is  forced 

the  interior  of  the  mackine  through  the  "form,"  which  is 

of  two  independent  parts  —  the  "plugs'*  or  dies,  which  are 
the  machine  —  and  the  "fonn  "  proper,  which  constitutes 
Dtlet, 
Be  plugs  are  made  of  metal,  and  arc  of  the  exact  shape  and 
tive  position  of  the  void.^  in  the  tile  block.  They  are  sta- 
ry,  with  their  faces  placed  a  few  inches  inside  the  final 
As  the  clay  b  pres.^ed  by  the  pUmgem  against  the  faces 
plugN  it  is  pcrfomtetl,  thus  forming  the  voids  in  proper 
on  for  the  final  blocks.  After  piissing  the  plugs  the  clay 
lo  external  shape,  until,  by  the  continucHi  op>cration  of  the 
jer,  the  clay  is  forced  from  the  form  or  die  pliiced  at  the 
of  the  machine^  thus  giving  the  required  exterior  shape 
manufactured  prfiduct, 

finished  shape  in  forcetl  out  continuously  onto  the  cut- 
table,  which  is  usually  composetl  of  sets  of  roli^  or  plates, 
^efised  to  prevent  adhesion  and  friction,  which  would 
a  tendency  to  deform  the  block.  Above  the  cutting  table 
be  cutters,  which  are  of  various  styles,  fastened  in  many 

but  on  the  general  principle  of  an  "arbor*'  or  fight  franie- 
which  spans  the  table,  the  opposite  aides  being  connected 
ires  or  knives.     This  frame  is  moved  up  and  down  by 

of  a  lever  controlled  by  the  operator,  who  cut^  the  moving 
of  clay  into  blockt^  of  the  ref[uired  shape  and  lengtlj.     The 

may  he  paraUel,  aa  for  fiUer  blocks,  or  made  to  cut  the 
bf  a  key, 

iul  Forms.  —  Tfie  manufacture  of  speciiil  forms  of  terra- 

although  not  differing  widely  from  the  ordinary  shapes, 
tls  some  special  manipulation  —  as,  for  instance,  in  making 

.cke.  The  Bide  construction  skewbaek,  when  run  from 
rcing  machine,  comes  out  with  the  iihape  of  the  beam  al- 

fonned,  while  ui  the  vnso.  of  the  end-con i^t ruction  i^kew- 
the  aeat  of  the  skew  has  to  be  formed  by  hand  after  it 

n  nm  from  the  machine.     It  ia  cut  to  the  shape  de,s\T^ 
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over  a  tcmplrt  and  by  moans  of  a  wire  fastened  to  a  bow.  Other 
prodiirts,  such  as  rabbeted  reiling  or  roofing  blocks,  have  to 
have  the  rabbet  fnnned  in  a  like  manner  by  hand  where  the 
blocks  arc  over  13  or  14  inches  in  widths  because  the  form  or 
mouth  of  the  machine  cannot  produce  a  wider  stream  of  clay. 
Such  lilocks  can  be  made  t^omplet**  Ijy  the  forming  machine  when 
not  over  the  above  width,  as  in  this  case  the  voids  and  rabbet?? 
can  be  parallel;  but  in  wider  blocks  the  voids  run  at  right  angles 
to  the  rabbets,  so  that  the  latter  must  be  hand-formed.  For 
circular  colunm  covering  blocks  a  form  of  the  same  shapi?  is 
usually  placed  on  the  cutting  table,  onto  which  the  clay  is  forced 
when  coming  from  the  machine.  This  style  of  block  is  usually 
dried  standing  on  end  to  prevent  deformation  liy  sagging. 

Drying.  —  From  the  cutting  table  the  blocks  are  placed  upon 
"pallets,**  consisting  of  light  open  W(X)den  gratings,  which, 
when  filled,  are  stacked  upon  cars  made  of  light  metal  framing 
with  adjustable  racks  to  rccei%''e  the  pallets  in  such  manner  that 
the  blocks  just  clear  each  other  and  permit  the  frea  circulation 
of  air  over  the  entire  area  of  the  blocks.  The  cars  are  then  run 
into  the  ''dry  tunnels,"  which  are  heated  by  means  of  steam 
coils  to  a  tcmiperaturc  of  about  150  to  200  degrees  for  a  space 
of  time' varying  according  to  the  nature  of  the  material  and  the 
size  of  the  blocks,  usually  taking  from  two  to  tkree  days.  At 
the  end  of  this  time  the  blocks  are  sufficiently  dr}^  to  permit 
handling. 

The  blocks  are  next  stacked  in  kilns,  which  are  of  various 
styles,  the  "down-tlraft^'  pattei-n  being  usually  considct^d  the  I 
most  satisfactory. 

The  ''Dowu-drafl-*  Kiln  consists  of  a  circular  vaulted  cham- 
ber, ordinarily  30  Ui  35  f et  t  inside  diameter,  and  8  io  10  feet 
high  from  the  bottom  of  the  kiln  to  the  a ke whack  of  the  vaulted 
arch.  The  spring  of  this  arch  is  generally  one-fourth  the  diara- j 
eter.  The  flow  of  the  kihi  is  double.  The  upper  floor  is  per- 
forated. A  series  of  furnaces  are  placed  around  the  kiln  at  the 
floor  level.  The  heat  from  these  furnaces  is  conveye<l  upward, 
strikes  the  vaulted  part  (which  is  known  fis  the  "crown-'),  ki 
that  point  the  heat  spreads,  travels  through  tlio  ware  doi^^iwards^ 
arid  finds  its  egress  to  a  stack  through  the  perforated  floor. 

The  temperature  required  to  properly  bum  the  material  I 
varies  from  2(WU°  to  2.i(>0°  F.,  according  to  the  refractory  ciuality  j 
of  the  clay  used  in  the  manufacture. 
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** Continuous  KilnJ^  —  BeaidoR  the  dr>wii<Jraft  kiln  described 
above,  the  use  of  the  so-called  *' continuous  kiln"  hm  been 
adopted  of  laU*  vf^tiVH,  with  very  satisfactory  resulls. 

The  main  features  of  this  kiln  are  the  entire  utilization  of 
the  heat  units  contained  in  the  coal  used  and,  also,  the  pxiiisi- 
billty  of  us^ing  clieapev  fuel  Tfie  heat  otifjiined  from  the  eoal 
travels  from  one  chamber  to  anotlier,  so  that,  by  means  of  dam- 
per regulation,  the  fuel  la  utilized  and  none  is  lost.  The  per- 
centage of  coal  used  in  such  kiln  is  greatly  reduced,  and  much 
less  thao  in  the  ordinary  down-draft  kiln. 

On  starting  heat,  the  first  thing  done  is  to  *' water  smoke"  the 
kiln,  the  purpose  being  to  remove  the  surplus  moisture  slowly, 
in  order  to  prevent  great  crackling  of  the  tiles.  This  is  done 
by  applying  a  slow  heat,  continuing  usually  from  twelve  to 
twenty-four  hour«. 

After  being  thoroughly  fired  in  the  kiln,  the  tile  is  ready  for 
use.  The  sawdust  in  the  clay  is  entirely  consumed  during  the 
firing,  leaving  the  finished  product  in  a  finely  honeycombed 
state. 

If  the  clay  used  is  of  a  granular  nature,  the  combustible 
material  used  to  produce  the  porosity  should  be  of  but  slight 
quantity  in  compariat^n  with  the  total  bulk.  If  of  large  quan- 
tity, the  film  w^hich  originally  encased  the  sawdust  or  other  com- 
bustible material  before  burning  is  so  light  that  when  burned 
it  leaves  the  finished  product  full  of  large  cells.  This  will  give 
an  insufficient  strength.  If  the  clay  is  of  a  fibrous  nature  it 
will  take  a  much  larger  quantity  of  sawdust,  and  a  much  stronger 
block,  comparatively,  will  be  produced.  It  is  generally  conceded 
that  fibrous  clay  makes  a  much  better  porous  material  than 
granular  clay.  These  factors  should  be  taken  into  consideration 
in  determining  the  texture  of  pf^rous  material. 

Manufacture  of  Semi-porous  Terra-cotta.  —  The  manu- 
facture of  *'semiporous^^  terra-cotta  differs  from  that  of  porous 
terra-cotta  principally  in  the  composition  of  the  mixture.  To 
a  fair  quality  of  fire-clay,  containing  about  &\  per  cent,  of  silica, 
is  added  a  certain  percentage  of  clean  calcine  fire-clay,  coarsely 
ground,  and  a  percentage  of  coarsely  ground  clean  bituminous 
coaL  This  mixture  k  thoroughly  tempered,  and  burned  to  the 
desired  shapes.  The  result  of  this  mixture  is  a  material  slightly 
more  porous  than  the  best  grade  of  firobrick,  and  stilt  not  as 
aoft  as  the  ordinary  poroua  terra-cotta  made  wilh  a'aviduaXi.    W 
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is  claimed  that  semiporoiis  tUe  may  be  heated  to  a  temperatnre 
of  354K]  degrees,  and  immemed  in  cold  water  at  that  temtirrature, 
without  cracking. 

Manufactyre  of  Hard  Burneil  ferra-eotta.  —  Hard 
burncMl  ierra-cotta  or  "dense  tiling"  is  made  of  natural  clays 
without  the  addition  of  any  combustible  material  The  only 
ingreflients  added  to  the  natural  clay  in  making  this  product 
are,  in  low  grades  of  clay,  erushetj  brick  or  sand,  to  prevent 
abnormal  shrinkage.  During  manufacture  the  clay  ij^  subjected 
to  a  high  pressure  which  given  the  material  a  dense  texture,  and 
great  strength  unticr  crushing  loads.  The  blocks  arc  shaped  by 
the  fomiing  machine,  as  before  described,  and  they  are  burned 
in  kilns,  like  the  poroiLs  product,  except  that  the  time  required 
for  burning  is  longer. 

If  the  material  it?  quite  rough,  it  indicates  too  great  a  quantity 
of  sandj  which  proilucejs  undesirable  brittleness.  No  dependence 
can  l>e  placed  on  a  teat  of  strength  of  such  materiah  If  clay 
with  an  excessive  quantity  of  santl  is  bunied  at  a  low  heat,  it 
will  not  have  been  sufhciently  burnecl  to  fuse  or  unite  the  par- 
ticles of  sandt  thus  producing  a  weak  and  brittle  block.  If 
bumetl  at  a  high  heat,  wuffieient  to  fuse  the  sand,  it  is  nearly, 
if  not  quite,  vitrified,  in  which  case  auction  is  almost  wholly 
destroyefl.  Hence  a  hard,  rough  material  is  an  undesirable 
building  terra-cotta,  becauHe  it  ban  been  burtied  either  too  much 
or  not  enough.  The  product  should  have  a  hard  but  smooth 
surface. 

Cliaracteri!!>tLes  of  Porous  atid  Hard  Burned  Terra-cot ta- 
—  Porous  terra-cotta  can  Im>  cafiily  cut,  and  there  are  grades 
soft  enough  t>o  allow  the  driving  in  of  nails  or  screws  for  receiving 
the  interior  trim  of  buildings^  when  so  desired,  or  for  fastening 
wlateis,  tiles,  etc,  on  roofs.  These  soft  nailing  blocks  are  usually 
made  solid. 

The  quality  of  porous  mat^^rial  may  be  ascertained  by  striking 
the  block  with  metal,  and  the  result  should  l>e  a  dull  ring.  If 
a  soutid  is  produced  which  indicat<i«  a  crack,  the  block  should 
be  condemned.  The  texture  of  the  material  can  generally  be 
determined  by  the  weight  of  the  block.  While  lightness  i^  an 
advantage,  to  be  abnomially  light  is  an  indication  of  weakness. 

Hard  burnetl  terra-c4>tta  cannot  be  readily  cut,  but  must  be 

broken.     The  material  is  brittle,  and  is  liable  to  failure  under 

shocks.     Ill  cases  where  suddenly  apphetl  loads  are  expected^ 
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porous  material  should  be  used.  Under  static  loads,  hard 
terra-cotta  is  stronger  than  ix^roiis  terra-cotta,  m  compariog 
equal  section  an3as;  but  tliis  dilTerenre  is  largely  ijffset  by  the 
increase  in  thickness  of  the  webd  in  porou-s  blocks. 

In  deciding  on  the  quality  of  luird  burned  terra-cotta,  the 
ring  should  be  iruCp  when  struck  with  metal,  but  tlie  material 
should  not  be  too  hard,  as  it  will  not  give  sufficient  ssuction  to 
the  mortar  used  in  the  joints  in  setting.  If  of  a  smooth  surfacf% 
the  suction  will  be  |KX>r,  and  the  t>locks  should  be  grooved  or 
**acored"  to  provide  a  key  for  the  mortar- 
Structural  Terra-cotta  vs.  Concrete.  —  No  other  raateriala 
employed  in  hre-resi.sting  contstruction  have  exhibited  buch 
seemingly  contradictory  testimony  as  to  their  fii-e-resisting 
qualities  lis  have  Btruetural  terra-eotta  and  (concrete.  Argu- 
menta  and  examples  for  or  against  tile  and  ctuicrete  could  easily 
fill  a  volume  of  large  size  —  hence  the  condensation  of  the 
pi  OS  and  conn  of  these  materials  within  the  limitations  of  a 
handbook  is  exceedingly  difficult.  If  one  has  any  preconceived 
bias  in  favor  of  either^  it  is  not  difficult  to  find,  from  recorded 
opinions  and  experiences,  data  sustaining  such  preferences. 
Thus  both  the  Baltimore  and  San  Francisco  conflMgrationa  have 
afforded  great  diversity  of  opinion  regarding  concrete  c.S'.  terra- 
cotta floors,  column  protectiona,  etc.,  but  it  should  be  remem- 
bered ihat,  after  such  wide-spread  fires  in  numeroua  builrlings, 
anyone  with  prejudices  in  favor  of  ahuost  any  material  or  con- 
gtruction  cun  readily  find  evidi?nce  to  sup|>orl  his  views. 

Therefore  no  attempt  will  here  be  made  to  discuss  the  fire- 
re]3isting  qualities  of  tile  or  concrete  in  a  manner  at  all  exhaustive, 
but  attention  will  be  confined  to  some  of  the  more  important 
facts  which  buar  on  the  fire-resistive  qualities,  together  with 
important  tests  on  the  materials  as  auch,  and  the  opinions  of 
some  rec?ognized  authorities  who  have  had  exccptionfil  advan- 
tages in  comparing  the  actual  behavior  of  the  materials  under 
practical  fire  tests  in  buildings.  Much  additional  infonnation 
concerning  the  use  or  record  of  these  materials  as  emi)loyed  in 
special  conatructive  features  will  bo  found  in  discussions  of 
I  floor  systems  in  Chapters  XI  and  XVII  to  XIX  inclusive,  of 
column  protections  in  Chapter  XII,  of  partitiona  in  Chapter  ^ 
XlII,  of  walb  in  Chapter  XX,  and  of  roofs  in  Chapter  XXI.         ■ 

Flre-reslstlug  Qualities  of  Structural  Terra-cotta.  —  In 
judging  of  the  efficiency  of  stiuctural  terra-cotta  as  a  fire-resiating 
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material  as  exhibited  in  antual  fire«,  several  important  facta 
muat  be  borne  in  mind,  namely,  the  behavior  of  the  mar 
terial  itnelf  regardless  of  other  structural  defieienciej?  which 
may  have  afTefted  the  eitnic^ture  studied,  —  th(>  kind  of  nmterial 
used,  —  the  attendant  conditions  of  the  test,  —  the  adequacy, 
mass,  or  sufReiency  of  the  construction,  —  the  details  of  con- 
struction employed,  —  arnl  the  workmanship  exhil>ited  by  the 
construct  ion,  l^eference  to  the  fires  flt^cribed  in  Chapter  VI 
will  show  that  each  and  all  of  these  conditions  contribute  to  the 
fiuccess  or  failure  of  the  fireproofing.  Thus,  serioufl  struetural 
deficiencies  which  greatly  contributed  to  the  loss  sustained  by 
the  fire-proofing,  existed  in  the  first  fire  in  the  Home  Store 
Building  in  Pittsburgh  a-s  regarded  the  roof  tank,  and  in  the 
Rooseveltj  Equitable  and  Parker  Buildings,  in  all  of  which  cast- 
iron  columns  were  used. 

The  conditions  of  test  were  unsatl*?factorj^  in  many  of  the 
lower  buildings  in  the  Baltimore  fire,  and  also  unsatisfactory  in 
a  measure  in  all  of  the  San  Francisco  buildings  on  account  of 
the  undetermined  damage  due  to  the  earthquake  shocks,  ee- 
pecially  in  the  loosening  of  mortar  joints,  etc. 

The  kind  of  terracotta  employed  m  an  essential  factor.  Thus 
the  first  fire  in  the  Home  Store  Building  invoh-'ed  hard  burned 
material,  and  the  results  were  poor.  The  showing  in  the  Home 
Office  Building,  atKl  in  the  second  fire  in  the  Home  Store  Build- 
ing, involved  semiporous  material,  an^l  the  showing  was  excellent. 

As  regards  adequacy,  or  the  sufficiency  of  material,  thick  wel)8 
of  porous  or  8emip<:jrou8  fioor-areh  blocks  stood  up  exceedingly 
well  in  the  Merchants  National  Bank  and  in  the  Chesapeake 
and  Potomac  Telephone  Company^s  Building  in  Baltimore,  alrto 
in  the  Calvert  Building;  while  inadequacy  of  material  resulted 
in  dire  min  in  the  Equitable  and  Parker  Buildings.  Details 
of  construction  were  poor  in  the  Athletic  Club  and  Home  Life 
Buildings,  besides  many  cases  in  Baltimore.  The  record  of 
the  terra-cotta  test  was  corraspondingly  i>oor. 

Poor  workmanship  was  much  in  evidence  in  both  the  Balti- 
more and  Ban  Francisco  fires,  and  the  fact  contribut4_xl  in  no 
little  meitaure  to  the  judgment  passed  on  materials. 

Taking,  then,  all  of  these  facts  into  consideration,  the  author 

considers  that  the  following  deduction  is  svarranted  regarding 

the  fire  resistance  of  structural  terra-cotta;  that  porous  or  even 

semiporous  tUe  emi  and  generally  does  witlistand  any  reasonable 
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fire  and  water  t««t,  provirjixl  that  the  material  is  of  sufficient 
thick n*"ss  or  mfiHs,  an>i  u8(k\  in  tin  intelligent  manner. 

Hard  Burned  vs.  Porous  Terra-eotta.  —  The  tests  macle 
in  Denver,  Colo.f  in  18W>  {m*c  Cllmptor  XVII),  would  seem  con- 
clusive ivri  to  the  mlative  valuofi  of  porous  and  hfird  hurnrxl 
term-cotta  under  the  action  of  fire  aiifl  water,  hut  the  latter 
material  is  still  extensively  ernployetl,  although  many  fires  and 
testa  since  1890  have  fuUy  confirmed  the  results  of  the  Denver 
tests. 

Hard  burned  terra-catia  as  a  heat  insulator  depends  for  value 
entirely  upon  its  eellulur  structure,  protection  l>eing  afforded 
only  by  the  non-heat-conducting^  air  spaces.  The  material 
itself  conducts  heat  much  more  readily  than  the  porous  kind. 
To  be  efficient,  therefore,  the  air  spaces  in  hard  burned  tile  must 
be  of  adequate  size  anrl  number  to  inHuIate  the  material  to  be 
protected.  When  cooled  by  water,  sudden  contraction  is  liable 
to  occur,  thereby  cracking  the  blocks.  If  made  of  a  good  re* 
fractory  clay,  blocks  with  two  or  more  air-Hpacea  are  very  liable 
to  liave  the  outer  webs  destroyed  under  this  action^  as  was  well 
illustrated  by  the  hard-tile  floor  arches  in  the  first  Home  Store 
Building  fire,  and  in  many  buildings  in  San  Francisco.  This 
was  flue  to  the  inability  of  the  material  to  withstand  the  inequali- 
ti^  of  expansion  and  contrac^tion  caused  by  the  heating  of  one 
side  of  the  arches  only.  The  blocks  usually  break  first  in  the 
comers,  because  the  strain  is  greatest  there,  and  the  tile  weakest. 
The  strain  is  greatest  in  the  comers  beciiuse  the  expansion  of 
the  one  side  tends  to  shear  it  from  the  atljoining  sislcs,  and  it  is 
weakest  in  the  comers  because  if  there  Ls  any  initial  stress  in 
the  material,  it  w^ould  more  naturally  occlu-  there  than  elsewhere. 

Even  if  not  cooled  with  water,  other  fires  have  shown  that 
hard  burned  terra-cotta  will  crack  and  fall  to  pieces  under 
severe  heat  alone.  This  was  demonstrated  in  the  Schiller 
Theater  fire  in  Chicago. 

Porous  7'erra-cotta  is  non-heat-conduct ixig  in  itself,  without 
reference  to  its  form.  It  is  miide  in  solid  as  well  a.s  in  hollow 
forms.  The  best  products  of  a  porous  nature  have  resisted  fire 
and  water  far  better  than  the  best  hard  tile.  For  ocdumn  and 
girder  protections,  where  the  blocks  do  not  caiTy  loads,  the 
porous  material  is  very  generafly  use<t,  but  in  floor  constmction 
many  architects  prefer  Uj  use  the  hard  burned  variety  on  account 
of  its  greater  strength  and  cheaper  pricu. 
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Smiipnroits  TeTra-mUa  is  iargely  usocL  It  is  stronger  than 
pKjrouH  tilf%  'in<l  h^i^  li,ib)o  to  crack  than  hard  tile. 

Structural  Terra-cotta  In  Ealtlmore  Fire.  —  Captaia 
John  Stephen  Sewell^  U.  8.  A.,  in  his  report  on  the  Baltimore 
fire,  atat-ed  that 

Hollow  tcrni-cotta  under  goes  no  molecular  change,  if  of 
touRh  and  refractory  clay;  suffers  large  percentage  of  loss  in  its 
commercial  forms  owing  to  mechanical  failure  under  stresses 
due  to  expansion  and  contraction.  If  made  porous,  of  g<x»d 
clay,  with  minimum  thicknej^  of  material  not  less  than  1 J  inches, 
would  probably  be  about  equal  to  brickwork. 

The  report  of  the  National  Fire  Protection  Association  on  the 
Baltimore  fire  severely  criticizes  the  showing  made  by  structural 
terra-cotta  in  those  buildings,  but  as  such  criticisms  particularly 
apply  to  the  material  as  usetl  in  floor  arches,  they  are  more  prop- 
erly considered  in  connection  with  tests  of  hollow  tile  floors  in 
Chapter  XVII. 

Structural  Terra-cotta  In  San  Francisco  Fire-  —  The 
uncertainty  of  the  San  Francisco  experience  as  regards  the  fire 
test  of  terra-cot  ta  has  previously  been  pointed  out.  In  addition 
tu  the  unknowm  damage  which  may  have  been  (ione  by  the  earth- 
quake, another  element  must  be  considered^  namely,  the  fact  that 
only  hard  burned  terra-cot  ta  was  used  in  any  of  the  buddings 
in  that  city.  This  was  due  to  the  fact  that  a  suitable  hard-wood 
sawdust,  as  is  required  in  the  manufacture  of  porous  terra-eotta, 
was  not  available  in  that  loeahty.  Bearing  these  fact«  in  mind, 
the  following  opinions  of  qualifie^.1  experts*  are  interesting  and 
valuable.     Mr.  Richard  L,  Humphrey  states :  ^ 

The  writer  is  of  the  opinion  that  the  present  commercial 
hollow  terra-cotta  tile  is  largely,  if  not  entirely,  devoid  of  merit 
for  fireproofln^  purposes.  Even  wdien  it  is  of  the  best  grade  and 
workmanship  it  can  hardl^''  be  considered  a  first-class  building 
material.  At  a  comparatively  low  temperature  the  tiles  fait, 
the  thin  webs  spalling  from  unequal  expansion.  A  more  porous 
tile,  with  thicker  webs  keyed  together  and  laitl  in  Portland- 
cement  mortar  with  tight  joints,  w^ouM  unquestionably  be  more 
suitable  for  tiie  purpose.  It  may  be  true  that  in  case  of  repairs 
after  a  fire,  damaged  tile  of  the  usual  commercial  type  can  reiidily 
be  detect wi  and  renewe<L  Terra-cotta  tiling  may,  however, 
allow  sufficient  heat  to  pasn"^  through  it  to  soften  slightly  t  he  steel 
member  which  it  encases  and  still  remain  in  position^  thus  hiding 
the  defect.     Several  examples  of  this  condition  were  found 


♦  See  United  States  Geological  Survey  BiiWetin  No.  324, 
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Captain  SeweU  stated  aa  foUows: 

A  conflagration  never  yields  reliable  comparative  results, 
but,  judging  from  such  comparative  results  ils  are  available,  I 
tliink  that  there  is  no  question  that  the  bGj<t  fir*vreHi8ting  ma- 
terial available  at  the  present  time  is  the  right  kind  of  bunied 
clay  —  that  is,  a  good,  tough,  refractory  clay,  almost  as  refrac- 
tory as  fire-clay,  made  itito  proper  shapes  anil  properly  burned. 
Some  commercial  hollow-tile  work  is  niatle  of  good  maLeriul, 
but,  as  a  nde,  that  is  the  only  good  thing  that  can  be  said  about 
if.  There  ean  be  no  question  that  guori  elitiker  concrete,  made 
of  weli-hunied  clinker,  Portland  cement,  and  sand,  is  a  v<!ry 
efficient  fire-resisting  materiaL  It  is  better  tlian  anything  except 
the  better  types  of  burned-clay  products;  but  the  cinder  concrete 
commercially  applied  is,  on  the  whole,  no  lietter  than  the  tiimsy 
hoUow-tile  work  with  which  it  cnmpetes,  in  fact,  it  bs  not  cer- 
tain that  it  may  not  be  worse.  The  only  way  to  determine  this 
point  would  be  to  go  through  all  the  floor  conkruction  in  a  place 
like  San  Francisco  and  make  testa  of  the  loatl-carrying  capacity, 
etc.,  after  a  lire* 

Conclusions.  —  Considering    the    foregoing,    and    the   data 

^Yen  in  Chapter  VI,  it  wdl  be  found  that,  on  the  one  hand, 

atnietural  terra-cotta  of  porrjus  or  HcmiportJiL'^  variety  has  been 

widely  commended,   and  de8er\'edly  «o,  for  its  endurance  and 

efllcioncy  where  intelligent  tisnge  and  adequavi/  have  made  gooil 

results  possible.     On  the  other  hand,  it  has  been  found  wanting, 

sod   condemned,   again  rightly,   for  its  faulty  behavior  where 

improper  material,  carelesa  use  or  Jlimitij  coftstnwiion  obtained. 

Unfortunatcdy,  in  tlie  great  majority  of  all  the  thousandth  of 

^  cases  in  which  terra-cot ta  has  Ix-en  used  for  the  protection  of 

Bteel  buildings,  the  full  imixji'tance  of  such  fireproofing  to  the 

life  or  fire-enduring  qualities  of  the  l^uildings  seems  to  be  largely 

disregarded  by  owners  and  architects  alike » 

Great  care  is  usually  l>c\'r^U)wcd  upon  the  design  of  the  8t<!el 

Iframe,  possibly  by  the  architect,  or  possibly  by  an  iissoeiate  ei%^il 

(engineer.     Framing  phms  are  proA^ded  for  the  steel  contractors 

fto  estujiatt3  njxtn,  usually  accompanied  by  ample  Bpecificationa. 

LikewLse  the  masonry  walls  arc  usually  of  ample  thickness, 

.  pOfiBibly    mfluenced    by   the   local   budding   ordinance*     Why? 

|Bimply  because  these  portions  of  t!ie  structural  des^ign  cajinot 

down  without  danger  to  the  structuie  under  everyday 

Btiona. 

8iit  when  it  comes  to  the  terra-cotta  fireproofing,  no  material 

[entering  largely  into  building  construction  htus  been  s^i  UvGiiiWi*! 
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idown  to  insufficiency  or  oft  times  used  with  so  little  intelligence. 
It  too  often  becomes  a  mere  veneer  of  preL<?iise  —  the  Ui?e  of  a 
material  in  eonventional  forms  simply  because  it  is  recognizeil 
aa  standard.  Qitcwtions  of  adequacy,  stability ,  proper  form  ^ 
in  short,  ejjfitiency  in  all  ways  (as  is  further  pointed  out  in  Chap- 
ter X)  are  not  considered  necessary  of  investigation  or  explana- 
tion, simply  because  the  (Njiistniction  Ls  of  the  usual  approved 
type. 

Every  contractor  of  fireproofing  material  will  recognize  the 
truth  of  the«e  statement'?.  Take,  for  example,  the  uayal  data 
given  the  contractor  for  figuring  on  column  coverings.  It  is  to 
be  seriously  doubtetl  whether  one  set  of  building  plans  in  a 
hundred  gives  any  detailed  plan  of  the  shape,  thickness  or 
methotl  of  application  of  the  lerra-<^otta  blocks.  The  usual 
method  is  to  rely  \ipon  the  specification  requirerncnta,  and  these 
are  usually  of  the  briefest.  As  an  instance,  fortunately  worse 
than  the  average,  consider  the  following,  extracted  verbatun 
from  the  ap<icitication  for  a  building  of  eonrtiderable  size  and  cjost: 

**Cotiimns  ami  Gird*T  Coverings,  —  All  columns  and  exposed 
girders  to  be  covered  with  terra-cotta,  to  conform  to  the  build- 
ing laws  and  to  raakc  a  good  surface  for  plastering*" 

The  contractor,  therefore,  figures  on  no  better  work  than  his 
competitor,  and  even  such  work  which  protects  the  most  im- 
portant loatl-bearing  members  in  the  building  is  given  scant 
inspection  during  the  usual  hurried  building  operations.  Result^ 
total  I0.SS  to  the  column  protetition,  as  was  shown  in  practically 
every  so-called  fire-resisting  building  which  passed  through  the 
Baltimore  fire.  It  is  this  lamentable  carelessne^  in  detail,  care- 
lessneiis  in  instill lat ion,  and  insufficiency  of  material  which  has 
resultcil  in  terra-cotta,  the  material,  being  criticized  in  many 
quarters  for  the  faults  of  its  usage* 

But,  given  a  porous  or  semiporoua  terra-cotta  to  start  with  — 
not  hard  burned,  brittle  material  —  of  adequate  thickness  and 
weight,  with  heavy  webs  and  partitions  to  all  btocks,  with  well- 
rounded  fillets  at  all  corners,  and  used  in  a  substantial  and  in- 
telligent manner,  and  no  better  fire-resisting  material  can  be 
used,  save  only  solid  brick  masoniy. 

Can  Crete.  —  As  has  before  been  stated,  any  exhaustive  dis* 
cuaaion  of  the  composition,  design,  use  or  fire-resisting  properties 
of  concrete  is  beyond  the  scope  of  this  handbook.  Attention 
wJI/j  therefore^  he  limited  here  to  a  consideration  of  the  value 
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of  concrete  const rurt ion  iis  applied  to  fire-resisting  structures. 
Additioniil  data  concerning  concrete  will  be  found  in  Chapters 
VI,  VIII,  XII,  XIII,  XV,  XVII  to  XXI  inclusive,  and  XXIII 
to  XXVI  inclusive. 

The  suitabiUty  of  concrete  for  use  in  buildings  int-ended  to  be 
fire-resistive  will  largely  depend  upon  its  composition^  its  form 
or  design,  its  use  or  method  of  placing,  its  fire-rc^isting  proper- 
ties, its  thermal  conductivity  and  it-s  influence  upon  the  life 
of  iron  or  steel  embedded  therein. 

Composition  of  Conerete,  —  Concrete  is  a  mixture  of 
cement,  sand  and  some  coarser  or  more  bulky  aggregate.  In- 
asmuch as  a  more  or  less  uniform  gr£wle  of  sand  and  some  recog- 
nized standard  brand  of  Portland  cement  are  now  conunon  to 
nearly  all  concrete  mixtures,  the  differences,  if  any,  in  the  fire- 
resisting  properties  of  concretes  should  be  found  in  tlie  charac- 
ter of  the  aggregate  employed.  Numerous  testa  show  that  this 
is  so. 

Aggregates  used  in  concrete  include 

Natural  materials,  such  as  cnished  or  broken  stone, ,  gravel 
and  volcanic  rocks  (basalts,  traps,  lavas  and  pumice,  etc.)  and 
arlificial  maicrials,  such  as  blast-furnace  slag,  cinders,  broken 
brick  and  broken  tcrra-cotta. 

In  English  practice,  gravel  is  generally  termed  ** Thames 
ballast''  or  '* natural  halUist/^  presumably  from  the  use  of 
ballast  gravel  taken  from  the  banks  of  the  Thames.  Also 
English  practice  does  not  countenance  tlie  use  of  cinders,  but 
"coke  breeze^'  or  crushed  coke,  ''clinker"  or  furnace  slag,  and 
blast-furnace  slag  are  frequently  employed. 

Design  and  lJ«e  of  Concrete  Construction.  —  In  the  em- 
ployment  of  concrete,  proper  design  and  intelligent  usage  arc 
^f  even  more  importance  than  the  firo-resisting  qualities  of  the 
material.  Witli  terra-cotta  tile,  careless  use  or  workmanship 
may  endanger  the  protection  of  the  steel  frame  in  time  of  hrc! 
lest.  With  conc^rcte,  improper  design  or  carelcjss  workmanship 
may  endanger  the  very  safety  of  the  entire  .«^tructure.  "The 
man  with  the  hoe,*'  i.e.^  the  unskilltxl  lahowr,  frequently  ern- 

k ployed  on  this  cljiss  of  work,  contributes,  unless  given  very  close 
(supervision,  a  considerable  clement  of  uncertainty  to  the  finished 
product.  The  questiojis  of  tlesign  and  workmanship  of  concrete 
And  reinforced-concrete  floors,  etc,  are  considered  in  more  detail 
in  Chapter  XVIIL 


Fire-resisting  Qualities  of  Concrete.  ^  Probably  fev? 
Bubjecta  coimectf^d  with  fire-resisting  construction  have  been 
more  widely  discussed  during  the  past  several  years  than  has 
the  ability  of  concrete  to  withstand  test  by  fire.  The  greatly 
increased  use  of  concrete,  not  only  for  floor  conetnjctions  and 
column  protections,  but  for  entire  buildings  as  well,  in  the  form 
of  reinforced  (toncrete,  makes  this  question  of  vita!  interest. 
Several  chapters  could  easily  be  filled  without  even  then  approach- 
ing an  exhaustive  discussion^  but,  a«  in  the  case  of  structural 
terra-cotta,  attention  will  hc^re  be  confined  to  a  brief  description 
of  some  of  the  more  imporhint  tests  which  have  been  made,^ 
and  to  the  opinions  of  sonic  prominent  investigators.  m 

German  Fire  Tests  of  Concrete*  —  Some  of  the  most  com- 
plete experiments  ever  made  to  determine  the  fire-resi sting 
qualities  of  different  mixtures  of  concrete  w^ere  conducted  by  a 
commission  appijinted  by  the  city  of  Hamburg,  Germany. 
Thei^c  tostvH  were  made  somi»  years  ago,  antl  quite  an  elaborate 
report  of  the  investigations  was  issued  in  1895.* 

Teats  were  made  on  sixteen  varieties  of  concrete  mixtures. 
These  included  cement  and  sand;  cement  and  gravel;  cement, 
sand  and  broken  stone;  cement  and  fine  cinders;  cement  and 
coarse  cinders;  and  cement,  sand  and  broken  basalt.  The 
tests  consisted  of  exposing  the  samples  to  fire  at  a  temperature 
of  1080°  C.  or  1976°  F.  for  a  period  of  several  houn?  (3|  hours  in 
some  cases),  and  then  either  cooling  slowly  or  very  suddenly 
by  the  application  of  cold  water. 

The  report  shows  that  whde  all  of  the  sand,  gravel  &nd 
stone  mixtures,  with  one  exception,  either  crumliled  or  showed 
greatly  reduced  coherence  after  the  test,  the  cinder  concretes, 
espi^cially  the  coarse  mixture,  gave  most  excellent  restilts.  The 
latter  ''showed  good  coherence"  and  "did  not  suffer"  by  wetting 
w^hile  hot.  In  this  respect  the  endurance  of  these  concretcjs  ex- 
ceeded that  of  bricks  laid  in  cement  mortar,  as  the  report,  states 
that  ''some  bricks  cracked,"  and  the  mortar  became  "very 
tender  and  lost  its  binding  powder/' 

The  highest  degree  of  coherence  in  the  concretes,  particu- 
larly in  the  center  of  the  mass  tested,  was  shown  by  a  mixture 
of  I  part  cement  to  7  parts  of  coarse  cinders.  Fire  w^as  applied 
3i}  hours.  One  sample  was  cooled  suddenly,  and  one  slowly, 
but  neither  suffered  under  the  test. 


Professor  Bauaehinger  of  the  Munich  Technical  School  made 
tests  of  concrete  pillars   by  heating  and   quenching.     In   his 

•  For  c&Qeral  refill  U  of  report  sqq  '*Tbe  Materials  of  Conatruction/*  by 
J.  B.  JoliAaoQ. 
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report  of  these  experiments  he  statetl  that  '*of  all  the  materials 
tested,  Portland-cement  concretje  stood  the  btist,  and  ordinary 
and  dinker  bricks  laid  in  Portland-cement  mortar  stood  ahuoet 
equally  as  well/' 

New  York  Bulldlni?  Department^  Tests  of  Concrete*  — 
One  of  the  fire  tests  of  contTete  floors,  made  by  the  New  York 
Building  Department,  k  described  in  detail  in  Chapter  XVI 11. 
These  tesU  also  liear  ont  the  HamVmrg  experiments  in  ptiinting 
to  cinder  eonen^te  ius  the  most  (iesirable  mixture  from  a  fire- 
resisting  standpoint;  but  even  in  the  Columbian  floor  test, 
whore  a  broken -stone  concrete  was  uged»  without  the  added 
protection  of  a  suspended  ceiling,  the  test  was  very  satisfactory 
from  a  general  standpoint. 

Mr,  Rudolplj  P.  Miller,  Superintendent  of  Buildings  in  New 
York  City,  thus  summarizes  thei^e  te^ts;* 

The  eonnlu??ion,  from  a  study  of  the  tests  in  detail,  shows 
that,  to  a  depth  averaging  about  one  inrh,  the  concrete  is  seri- 
ously impaired  and  is  easily  washed  off  by  a  hoiie  stream  appfied 
to  the  surface.  Any  stone  containing  an  appreciable  percentage 
of  carbonate  of  liiue  will  <^alcine  an(i  cause  failure.  Where  the 
construction  is  f>oorly  designed,  allowing  an  excessive  deflection, 
the  fine  cracks  in  the  concrete  below  the  steel  will  open  to  such 
an  extent  tis  to  allow  the  heat  to  reach  the  metal  reinforcements. 
When  the  reinforcement  is  such  as  to  produce  a  plane  of  weakness 
in  the  concrete,  there  is  liable  to  be  a  flaking  off  of  concrete  and 
a  consequent  exposure  of  metal. 

British  Fire  PreTention  Com  m  It  tee's  Tests  of  Concrete, 

—  It  is  safe  to  say  that  the  fire-tej^ts  «)f  the  Hritish  Fire  Preven- 
tion Committee  are  made  with  soclt  fairness  and  accuracy  that 
they  arc  worthy  of  being  considered  conclusive,  not  only  in 
England,  but  in  this  countrv-  as  wefl.  Touching  on  the  fire 
resistance  of  concrete,  "Red  Books"  Nos,  101,  106,  J 07  and  108 
are,  therefore,  of  great  interest  and  value  in  the  <letermination 
of  the  effects  of  aggregates  upon  the  fire-resisting  properties  of 
Yarious  concrete  mixtures.  As  the  tests  described  in  the  above- 
enumerated"  Red  Books  "  were  all  of  floor  constructions,  details 
of  same  are  given  in  Chapter  XVIII,  but  the  conclusions  given 
as  results  of  the  testes,  were  briefly  as  follows: 

No.  101.  —  The  test  did  not  go  far  enough  to  draw  definite 
conclusions  except  to  show  the  entire  unreliability  of  Thames 
halla-st  (gravel)  concrete  tm  a  suitable  material. 

•  See  Kidder's  "Arcbitecls'  and  Buildera'  Pocket-Book/'  p.  §51  y.  1909 
Editjoa. 
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No.   106. — This   test   denion.^trate:*  that   reinforced   con-J 
Crete,  made  witli  elinkcr  (furnace  Blag)  aa  an  aj^regate,  may  l>el 
classed  as  a  f\re-resLsting  material,  liut  it  also  demonatmtee  tha^ 
additional  protection  to  that  pruvided  in  this  test  (about  on« 
inchj  is  required  for  tht^  t^teel  reinforcM^ient. 

No.  107.  —  This  test  demonstratea  the  unreliability  or 
ordinary  gravel  or  Thames  balkist  concrete  aa  a  fire-resisting' 
material  at  high  temperaturei?. 

No.  108.  —  U  in  interesting  and  instructive  to  compare 
this  test  with  the  former.  The  floors  were  practically  identical 
so  far  as  their  conHtruction  wu«  concernedt  the  only  different! 
being  the  aggregate  of  vvhirrh  the  concrete  of  the  baya  and  sup- 
porting beams  was  compo.'^efL  The  test  clearly  demonstrates 
the  fiuperiority  of  clinker  (furnace  slag)  and  coke-breeise  concrete 
over  Thames  ballast  (gravel). 

United  folates  Geological  Survey  Tests  of  Concrete,  —  It 

is  much  to  be  regretted  that  the  tests  made  by  the  United  States 
Geological  Survey  at  the  Underwriters'  Laboratories  did  not 
compri.si^  a  greater  variety  of  aggregates,  and^  also,  that  only  two 
t€sts  were  made  of  cinder  concrete,  and  those  of  the  pt>orest  qual- 
ity of  soft-coal  cinders  containing  24.5  per  cent,  of  condmstible 
matter.  Additional  tests  may  remedy  these  defects,  and  the 
consequent  iiiconcluflivenesv*^  of  the  results.  After  the  Britieh 
testes  d Inscribed  above,  the  desirability  of  testing  all  p<:issible 
aggregates  is  apparenti  and  further  tests  should  certainly  include 
concretes  mjide  of  a  good  quality  of  cinders^  crushed  brick, 
broken  t-erra-cotfca  and  blast-furnace  slag. 

A  summary  of  the  United  States  Geological  Survey  t^jsts  is 
thus  given  in  Bulletin  No*  370: 

It  was  difficult  to  determine  whether  the  limestone,  granite, 
gravel  or  cinder  concrete  sustained  the  least  damage.  Tfie 
faces  of  all  the  fjanels  were  more  or  less  pitted  by  the  fire  and 
wash&l  away  by  the  stream  of  water.  The  test  w&s  unfair  to 
the  cinder  concrete,  as  the  cinder  w;is  very  poor,  containing  a 
large  percentage  of  unburned  coal ;  however,  the  sample  selected 
was  the  best  of  six  or  eight  investigated  in  Ht,  Louij^  During 
the  fire  test  the  coal  ignited  and  left  the  surface  of  the  concrete 
very  rough  and  badly  pitted.  The  limestone  aggregate  in  the 
face  calcined,  and  tlie  granite  aggregate  split  and  broke  away 
from  the  surface  mortar.  The  granite  concrete  probably  be- 
haved the  best,  T!ie  damage  in  no  case  extendixl  deeply, 
probably  not  more  than  1 J  inches.  The  evi<lence  shows  that 
even  at  this  depth  the  temperature  was  comparatively  low. 
The  high  stresses  produced  in  the  panels  by  the  rapid  rise  of 
^^nuperature  of  the  faces  while  the  oackg  remained  cool  caused 
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cracks.  On  takmg  down  the  panels,  the  hlonks  of  concrete  were 
found  to  be  r nicked  vertically  for  norae  di-stanee  back  from  the 
face. 

Concrete  In  Baltimore  Fire.  ^  Roe  C'hapter  VI,  page  176. 

Concrete  in  Ban  Francisco  Fire.  —  Turninpj,  now,  to  tests 
of  concrete  eonslructiona  in  actuiil  fires,  a  wiile  divergejK^e  of 
opinion  will  be  found,  even  among  those  qualified  b^?  experienec 
and  careful  uhservation  lo  pas,-^  judgment.  It  la  generally  ad- 
niittod  that  the  Baltimore  tire  did  not  ofT(?r  any  conclusive 
cvidonee  regarding  concrete,  but  in  Ban  ^'rancitico  mauy  eoncrc*ti> 
constructions  suffered  tests,  and  the  following  extractis  from 
Uniiotl  States  GfM:>logical  Survey  Bulletin  No.  324  will  indicate 
the  prev^alence  of  conflicting  testimony. 

Prof,  Frank  Soul6  summarized  the  action  of  concrete  as  foUows: 

There  are  two  opposing  parties  in  the  matter  of  fireproofing 
in  San  Francisco  —  tfiose  who  have  favored  the  hollow-tile 
eystem,  and  those  who  believe  in  concrete  rs  the  best  fireproofinK 
material.  .  .  .  Good  Fortland-cement  concrete  has  won  a 
triumph  for  itself  in  fireproofing  in  8an  Franckco^  for  wherever 
well  made  and  properly  laid  upon  the  steel  girders  or  columns, 
it  protected  the  metal.  In  very  hot  fires  the  exterior  portions 
were  disintegrated^  and  in  some  places  the  whole  mass  was 
cracked,  necessitating  removal,  but  the  fireproofing  it  furnished 
was  excelltmt,  Exaininatioii  .sliowcd  also  that  it  protect^^d  well 
against  rust.  The  heal  to  which  it  was  subjecteti  was  very 
grejit;  in  places  common  mortar  was  fttsed  and  ironwork  in 
walla  meltcjd,  .  .  ,  The  weight  of  Portland-cement  concrete  ia 
a  drawback,  and,  moreover,  concrete  is  expensive  when  w^ell 
made  and  applied.  Cinder  concrete?  was  well  esteemed  for 
fireproofing  for  floors,  but  the  scarcity  of  good  cinders  in  the  city 
remlered  its  general  employment  impra(iti(;able. 

Conclusions,  concerning  the  fire-resisting  properties  of  struc- 
tural materials,  by  Mr.  Richard  L.  Humphrej^  contain  the  fol- 
lowing reference  to  concrete: 

The    advocates  of    terra-cotta    tile  contend  that  concrete 
may  be  seriously  damagwi  by  dehydration  without  noticealile 
change  in  its  api>ea ranee.     While  this  contention  may  be  justi* 
lied,  it  should  be  noted  that  any  weakness  or  softness  may  be 
as  readily  detected  and  repaired  in  concrete  as  in  terra-cotta. 
Concrete,  moreover,  has  the  great  advantage  of  being  a  non- 
conductor of  heat,  and  so  will  withstand  a  prolonged  heat  before 
ithe  damage  cxtoiuis  to  any  great  depth;  and  it  usually  remains 
lin  place^  maintaining  its  protective  qualities.     The  value  of  a 
|Btructure  or  of  a  method  of  fircpnxiiing  is  determined  largely 
by  ascertaining  what  portion  of  the  structure  is  left  aLvaJLMiSk 
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for  uae  after  the  fii'e.  The  word  **  fireproof "  is  of  c'oursc^  a  mis- 
nomeTj  for  no  Imiltling  h  absolutely  fireproof;  and  the  resJHtancQ 
offororl  to  fire  is  one  of  degree  only,  for  if  the  heat  be  sufficiently 
high  and  prolonged,  nothing  can  withstand  it.  The  best  ma- 
terials are  non-conductors  of  heat,  having  high  fusing  points. 
At  high  temperature  concrete  loses  its  water  of  cryatallissaUon, 
but  the  depth  to  which  this  dehydration  goes  and  the  rate  at 
which  it  take.s  phice  are  the  factors  that  detc^vmine  the  effective- 
ness of  the  material.  The  heat  insulation  afforded  by  concrete 
is  of  a  high  order,  and  to  obtain  the  b<^st  result.s  a  sufficient 
thickness  must  Ijc  apj^lied.  This  required  thickness  is  naturally 
a  variable  quantity;  2  inches,  or  even  1  inch^  may  be  sufficient 
for  an  office  building,  but  would  be  inadequate  for  a  warehouse. 
These  remarks  concerning  concrete  also  apply  to  all  other  forma 
of  tireproofing.  The  prime  point  on  which  infonnation  should 
he  procured  is  the  thickncssa  of  the  insulation  for  proper  pro- 
tection against  fire. 

The  above-quoted  opinions,  given  only  after  most  careful  and 
ext-ensive  examination  into  the  conditions  of  buil<lings  which 
passed  tlu^ugh  the  San  Francis(!o  conflagration,  are  distinctly 
favorable  to  concrete.  It  should  l>e  notice^l,  however,  that  botli 
opinions  lay  more  stress  on  the  fire  proofing  quahti*^  of  concrete 
in  protecting  metal  memben^  or  reinforcement  than  upon  the 
integrity  of  the  entire  construction,  that  is,  its  load -bearing 
abiJity,  after  test  by  fire.  Hence  it  is  not  surprising  that 
others,  judging  the  behavior  of  concrete  more  from  the  latter 
standpoint,  are  less  eulogistic  in  their  conclusions^  Thus 
Captain  Sewell  points  out*  that 

If  a  hollow-tile  floor,  for  instance,  loses  its  lower  webs,  the 
damage  is  very  apparent,  yet  most  of  such  floors  remain  true 
and  capable  of  carrying  considerable  loads.  A  ctnder-concrete 
floor  which  is  even  more  seriously  damaged  ia  very  likely  to 
remain  true,  for  the  reason  that  the  fire  which  damaged  it  also 
removed  its  superimposed  loa<l  before  the  damage  was  fully 
accomplished.  A  hollow  tile  which  comes  through  a  fire  without 
losing  any  of  its  webs  is  as  good  as  it  was  before;  whereas  con- 
crete of  any  kind  which  has  come  thrriugh  a  fire  in  which  the 
temperature  has  exceedetl  700°  or  800°  F.  is  inevitably  damaged 
in  all  cases,  owing  to  the  dehydration  of  the  cement,  although 
it  may  appear  uninjured  to  the  casual  observ'er.  This  property 
of  concrete,  of  maintaining  a  good  face  in  spite  of  real  and  serious 
damage,  is  likely  to  lead  the  layman  into  dangerous  conclusions, 
and  consequently  into  equally  dangerous  practice.  It  would 
seem  that  wherever  reinforced-concrete  floor  construction  la 
used,  a  furred  ceiling  below  it  should  be  absolutely  requiredi 

•  Bulleiin  No.  324,  p.   12a 
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The  report  of  the  committee  of  members  of  the  American 

I  Society  of  Civil  Engineers,  on  ^'Fire  and  Earthquake  Damage  to 

Buildings,"*   found  that,   where   unpratected,  concrete  was  in 

most  cases  destroyed*     "The  concrete  is^  dry,  and  while  in  many 

1  cases  hardj  yet  all  the  water  ha^  Ix^ii  burne<i  out  and  it  may 

I  be  said  to  be  defltroyefl,  even  if  able  to  support  weights."     Where 

concrete  floors  had  hung  ceiling?*,  tliey  reported  the  eonerete 

I  generally  uti injured. 

For  more  detailed  fleets unts  of  concrete  constructions,  etc., 
in  the  San  Francisco  fire,  see  United  iStates*  Cieologieal  Bull**tin 
No.  324,  Transn€tions  Am.  Soc.  C\  J^.,  Vol*  LIX,  and  volume 
**San  Francisco  Earthtjuake  and  Firt^"  by  A.  L.  A.  Iliinmel* 
Wright,  C.  E,,  published  by  the  Hot* tiling  Construction  Company, 
Tlteritial  Conductivity  of  Cttnerete.  —  A  large  number  of 
testa  of  th(^  theriiml  conductivity  of  conc-rt^te  and  Btwl  e»d>eddetl 
therein  (alsti  testis  regarding  the  effect  of  heat  upon  strength  and 
elastic  properties  J  hiis  lieen  marie  by  Prof.  Ira  II.  Woolson. 
These  teattj  demonstrated  that  concrete  has  a  very  low  thermal 
conductivity,  and  the  ua<:^  of  different  aggregates,  whether  lime- 
stone^  trap  rock,  gravel  or  cinders,  did  not  seem  to  have  any 
material  effect  upon  the  result.  Well-made  cinder  concrete 
showed  the  lowest  conductivity.  It  was  found  that  conereta 
of  a  one  to  four  mixture,  properly  dried  for  a  montli  or  tiix  weeks, 
would  maintain  a  heat  of  l€iOO°  to  1800^  F.  on  its  face,  while 
two  inches  below  the  face  the  temperature  would  not  rise  to 
600  degrees  in  four  or  five  hours.f 

As  the  result  of  his  experimentSj  Professor  Woolson  givea  the 
fijilowing  general  conciusionti.t 


(!)  That  all  concrete  mixtures  when  heated  throughout  to 
a  temperature  of  1(KM)°  to  1500"  F.  will  lose  a  large  proportion  of 
their  strength  and  elasticity,  and  this  fact  must  be  well  remem- 
bered Id  designing. 

(2)  That  all  concretes  have  a  very  low  thermal  conductivity 
and  therein  lies  their  well-known  heat--resi.^ting  properties. 

(3)  That  as  a  result  of  this  low  thermal  conductivity,  two 
to  two  and  a  half  inches  of  concrete  covering  will  protect  rein- 
forcing metal  from  injurious  heat  for  the  perioil  of  any  ordinary 
conflagration  (provided,  of  course,  that  the  concrete  stays  in 
I^Iace  during  the  tire) , 


•  So«  Trangactions,  Am.  Soc,  C.  E.,  Vol.  LIX,  p,  239. 

t  See  1909  Proceedin^a  Naf  ioaal  Fire  ProtectioQ  Association,  p, 

i  See  Enginttring  Ncwst  Au«U4t  15,  1907. 
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(4)  That  reinforcing  metal  exposed  to  the  fire  will  not  convey 
by  conductivity  an  injurious  amount  of  heat  to  the  embedded 
portion. 

(5)  That  the  gravel  concrete  was  not  a  reliable  or  safe  fire- 
resisting  aggregate. 

The  United  States  Geological  Survey  tests  (see  Bulletin  No. 
370)  also  emphasized  the  low  heat-transmission  properties  of 
Portland  cement,  mortars  and  concretes.  For  marking  the 
cement  blocks,  linen  tags  were  fastened  by  means  of  wire  nails 
to  the  interior  walls  of  the  blocks  at  the  time  of  moulding. 
Most  of  these  tags  remained  in  place,  and  all  were  found  un- 
injured after  the  fire  tests. 

Loss  of  Strength  of  Concrete  under  Fire  Test.  —  That 
the  criticisms  of  Captain  Sewell,  and  of  the  Committee  of  the 
American  Society  of  Civil  Engineers,  regarding  the  loss  of 
strength  of  concrete  after  fire  test,  are  well  founded,  is  shown 
pretty  conclusively  by  the  strength  tests  made  by  Professor 
Woolson,  above  referred  to.  Summaries  of  the  results  deter- 
mined from  those  experiments  are  given  in  the  following  table.* 

CRUSHING  STRENGTH  OF  CONCRETE,  HEATED  ON  ALL       . 
SIDES,  BEFORE  AND  AFTER  HEATING. 


Lot  material. 


Breaking  loads,  pounds  per  square  inch. 


Not 
heated. 


Same 

lot  in 

1905 

when  1 

mo.  old 


After 
heating 
2  hrs.  at 
1500°  F. 


After 
heating 
3  hrs.  at 
1500°  F. 


After  heating 

5  hours  at 

1500° F. 


4X4X4  inch  specimens. 


A  Limestone 

B  Trap  rock 

C  Cinder 

D  Gravel 

E  Limestone  1  year 
old 


F  Trap  rock  1  year  old 


K  6-inch    cube    lime- 
stone 2  years  old 


3030 

980 

1445 

3195 

1300 

1410 

1360 

750 

447 

2740 







1741 

1968 

1235 

937 

2165 

1843 
1640 

1110 
1200 
1290 

906 

2230 

im 

1525 

665 

2800 

1913 

695 

2240 

1892 



.... 

4  hrs. 

2290 

.... 

2005 

*  Engineering  NewSy  June  28,  1906. 
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CRUSHING  STRENGTH  OF  CONCRETE.  HEATED  ON  ALL 
SIDES.   BEFORE  AND  AFTER  HEATING  (cotUinued). 


A, 
B. 
C. 

D 


fi  X  0  X  14  inch  apcNcimeiui. 
.1  2740 
.i  3140 

1400 

2780 


1345 

1400 
547 


870  1840* 
997  I  1705* 
504 


NoTK^^ — WherD  more  than  one  bruakmg  load  is  given  it  mdioaees  that  sewfAJ 
ipgclmens  were  tested. 

•  H&ated  on  one-  sitlc  fjniy, 

Flreprooflng  of  Concrete-  —  A  logical  df'flmHion  from  the 
preceding  cotisi derations  m  that  all  important  loud-l>eariti§ 
memb^ra  of  concrete  or  reinforced  ctincrete,  whether  floors, 
beam?,  girders,  coUimns  or  walls,  require  protective  coverings 
which  shall  serve  as  insulators  only,  and  which  can  sulTer  partial 
or  complete  damage  without  affecting  the  essential  load-bearing 
parts.  Such  protective  coverings  may  lake  the  form  of  an 
added  thickness  of  concrete  (whether  of  the  same  composition 
aa  the  rest  of  the  construct  ion  or  of  a  special  fin>r{>sisting  mix- 
ture), or  entirely  diiTerent  materials  may  Ije  employed. 

In  either  ca«e  the  amount  of  protection  requin?d  is  dependent 
upon  the  character  of  the  building  and  the  amount  of  combus- 
tible contents.  Manifestly  a  building  with  small  units  of  area, 
inoombvistible  floors  and  trim,  containing  a  limited  quantity 
of  combustible  funiishings,  would  not  require  as  much  protection 
for  its  structural  parts  as  a  building  of  lar^e  are^is  and  hazardous 
contents.     Thus  no  hard  and  fast  nUes  may  be  laid  down. 

If  the  protection  i.s  to  be  afifi>rdtxl  by  an  adde<l  thickness  of 
the  concrete  itself,  cinder-concrete  covering  would  seem  the 
most  applicable  on  account  of  its  superior  fire-resisting  qualities, 
and  from  the  opinions  and  experiments  previously  quoted,  some 
more  or  less  general  rules  as  to  the  thickness  required  may  Ik; 
deducetL  Thus  Mr*  Humphrey  atlvises  1  inch  to  2  inches  or 
more,  depeuiiing  on  the  exposure;  the  St.  Louis  test.'*  showed 
no  damage  to  a  deptli  greater  than  1|  ineiies;  while  Professor 
Woobon,  frf>m  his  extensive  exi>eriments,  advises  from  2  to 
2i  inches.  The  Building  Code  recommemled  by  the  National 
Board  of  Fire  Underwriters  calk  for  ''all  columns  and  girders 
of  reinforced  concret*?  to  have  at  legist  one  inch  of  material  on 
'aB  exposed  surfaces  over  and  above  that  required  for  structural 
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purposes,  and  all  beams  and  floor  ^labs  to  have  at  least  three- 
quarters  inch  of  sQch  surplus  material  for  tire-resisting  purpoees/' 
Messrs*  Taylor  and  Thompson,  in  their  *- Treatise  on  Con- 
crete," state  as  follows: 

Ohserv'ationa  of  steel  embedded  In  concrete  which  has  been 
exposed  to  tire  or  to  corrosive  action,  and  experimental  testa 
prove  conclusively  that  1 J  to  2  inches  of  dense  Portland-cement 
concret-c,  made  in  ordinary  proportions,  with  broken  stone, 
gravel  or  cindnra,  of  good  quality^  and  mixed  wet^  will  effectually 
resJKt  the  most  severe  lire  liable  to  oceur  in  buildings,  and  will 
prevent  the  corrosion  of  steel  even  under  extraordinary  condi- 
tions. In  membera  of  inferior  importance  or  which  are  only 
liable  to  fire  of  comparatively  low  temperature,  a  less  thickness 
of  concrete,  in  many  cases  |  incli  or  even  j  inch,  will  prove 
effective, 

A  fair  average  working  rule  would  seem  to  be  about  as  fol- 
lows; For  eohimns,  trusses,  girders  or  other  very  important 
structural  members,  at  least  2  inches  of  concrete  outside  of  all 
metal  reinforcement;  for  ordinary  beams,  or  for  long-span  floor 
arches,  at  least  1|  inches  of  eoncret^e  outside  of  the  reinforce* 
ment;  and  for  short-span  floor  arches,  partitions,  walls,  etc.j 
at  least  1  inch. 

As  such  protective  coverings  are  added  in  the  expectation 
that  they  will  t>e  completely  or  partially  destroyed  under  fire 
test,  and  also  as  cinder  concrete  especially  is  incapable  of  eany- 
ing  any  great  loads,  this  excess  material  should  twI  be  included 
in  the  estimated  effective  load-bearing  section. 

If  cinder  concrete  coverings  are  used  (around  columns,  girders 
and  Iwams,  and  on  the  under  surface  of  floor  slabs),  great  care 
will  he  necessary  in  the  employment  of  the  two  mixtures  of 
k  concrete  so  that  only  the  proper  amount  of  the  weaker  mixture 
^be  used,  and  tliai  it  lie  placed  in  the  proper  position  immedi* 
ately  before  or  after  the  structural  concrete,  in  order  that  a 
bond  between  the  two  miiy  be  secured.  A  practical  method  of 
using  cinder  (x>ncrete  as  a  protective  covering  for  reinforced- 
concrete  column.s  is  described  in  Chapter  XIL  Floor-arch 
pmtt'ctions  are  discussed  in  Chapter  XVI 11. 

If  the  protection  is  to  be  afforded  by  materials  other  than 
concrete,  lath  and  plaster,  hollow  brick  or  structural  terrarcotta 
maybe  used.  In  Chapter  XII  the  National  Fire  Proofing  Com- 
pany's system  of  combiaaLion  eoncrete  and  terra-cotta  coIymna_ 
ja  described. 
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The  f^orrfjsive  actioiiB  of  different  mixiurp.H  of  concrete  are 
discuttfieti  in  Chapter  VIIL 

CoiielusloDS  regarding  Concrete.*  —  From  the  foregoing 
discussion  of  concrete,  as  applied  to  fire-rosiBting  construction, 
it  is  seen  that  the  most  important  factors  concern  the  questions 
of  aggregates,  tht*  di« integration  wfiich  must  be  expected,  and 
the  amoimt  of  added  proteetion  necessary  to  cover  such  damage. 
The  latter  two  esi^entials  have  Ik  en  snfficicntly  con.sidered,  but 
the  queslioa  of  aggregates  is  worthy  *if  more  attrention. 

Tho  best  aggregate  to  be  liad  in  any  particular  locality  for  a 
concrete  which  shall  h<?  both  ntrong  aad  fire-resiKting  is  difficult 
to  determine.     Such  an  aggregate  must  be  generally  available 
pand  also  cheap. 

I  Stone,  whether  granite,  sandstone,  limestone  or  trap,  contains 
moisture,  and  heJice  is  subject  to  dehydmtion.  When  used  as 
an  aggregate,  st,one  breakB  or  disintegrates  unrler  high  heat  and 
the  bond  between  the  aggregate  and  the  cement  is  also  broken. 

Artificial  aggregates,  such  as  coke  breeze  and  cinders,  contain 
no  water  of  crystalhzation,  but  they  arc  neither  strong  enough 
nor  availal>le  enough  to  warrant  their  extended  use- 

Coke  breeze  has  been  shown  by  the  British  Fire  Prevention 
Committee  tests  to  be  a  most  excellent  aggregate,  but  as  far  as 
the  writer  knows,  it  has  never  been  employed  in  this  country* 

Cinder  concrete  may  be  made  of  a  good,  bad  or  indilTerent 
grade  of  cinders,  and  it  is  to  be  feared  that  the  cinders  ordinarily 
employed  in  such  constructions  are  generally  badj  sometimes 
indifferent,  very  seldom  good. 

Cinders,  as  bought  and  used  by  most  firepnxifing  companies, 
are  usually  nothing  more  than  iushes  obtained  from  the  burning 
of  ''slack,"  or  the  screenings  obtained  from  large  soft  coal. 
This  fuel  is  ordinarily  used  in  the  large  power  plants,  factories, 
or  sugar  refinerii^s  from  which  ttie  cinders  are  generally  bought. 
Such  cinders  are  always  sold  unscreened,  and  they  are  usually  a 
very  poor  product  —  too  poor  for  use  in  anything  better  than  a 
cinder  concrete  filling  over  the  arches  proper,  and  even  for  filling, 
a  better  grade  of  concrete  is  desirable. 

A  really  good  cinder  can  be  obtained  from  hard  coal  only, 
but  if  this  cannot  be  had,  lump  soft  coal  is  far  preferable  to  the 
"slack"  or  coal  84?reenings,  Cinders  should  always  be  screened 
through  a  2-inch  mesh,  but  this  is  seldom  done  in  practice, 
*  6e«  tlto  "CoDcJiuioQB,"  Chftptei  XVIII »  p,  620. 
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The  previous  desciiption  of  the  UQited  States  CiPologif»al 
Survey  tests  oti  concrete  shows  (he  dithculty  of  obtaining  & 
euitable  grade  of  cinders.  The  best  of  six  or  eight  iiample^ 
obtainable  in  St.  Louis  contained  24.5  per  cent,  of  combustible, 
matter. 

Also  cinder  concrete  is  out  of  the  question  where  strength  if' 
concenved,  and  its  corrosive  tendencies  are,  to  say  the  least, 
undetermined. 

Broken  brick  and  broken  terra-cotta  tile  would  be  admirable 
aggregates  if  available,  but  they  ant*  neither  plenty  nor  cheap,,J 
at  leant  in  all  locahtics. 

Blast-furnace  sla^,  in  the  author's  opinion,  offers  the   be 
solution  for  an  aggregate  which  shall  satisfy  requirements 
to   both    strength    and    fire   resistance.      See  ''Load  Teste 
Blast-furnace  Slag  Concretes/'  and   "Conclusions,"^  pages  619 
and  620. 

€0Derete  vs.  Terra-eotta:  Conclusioii*  —  The  writer  be-' 
lieves  that  there  is  no  decided  choice  between  gtml  concrete  and 
good  structural  terra-cotta  constructions.     Good  coneret-e  work 
is  decidftlly  preferable  to  poor  t^ira^cotta  work,  and  conversely^ 
good  terra-eotta  construction  is  undoubtedly  belter  than  pooP| 
concrete. 

The  conclusion  of  Captain  Sewell  on  this^  point  is  worth  much 
emphasis:  "The  results  at  Baltimore  and  San  Francisco  did  not, 
by  any  means,  indicate  that  either  hollow  tile  or  concrete  is 
altogether  a  failure  or  altogether  a  success.  Both  fires  indicated 
very  clearly  that  commercial  methods  of  appl^dng  both  ma- 
terials are  inadequate^  but  also  tliat  successful  results  can  be 
attained  with  both  materiiiLs."* 

Coociete-  anil  Mortar-blocks.  —  The  manufacture  of  con- 
crete- or  mortar-blocks  varies  considerably,  according  to  the 
materials  used  and  the  process  of  manufacture  followed.  The 
many  plants  now  making  tliese  cement  blocks  use  a  wide  range 
of  materials,  usually  selecting  the  beat  obtainable  locally  at 
a  reasonable  cost.  If  the  mixture  used  consists  of  cement  and 
Band  only,  the  blocks  are  generall}^  tenncHl  '* mortar-blocks"  or 
"concrete  building  tile/'  If  cement,  sand  and  some  aggregate 
are  used,  the  blocks  are  caHed  "concrete- blocks."  Aggregates 
ill  common  use  include  gravel,  screenings  of  tra[)  rock  and  lime 
stone,  and  granulated  slag. 

*  United  Stat^  Goolcfiical  Bullelln  No.  324.  p.  120, 
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Proce^%9  of  MnnnfadtiTe.  —  Several  distmrt  processes  of  manu- 
facture are  followed,  according  to  the  type  of  machine  imd  the 
mixture  of  materials  used.  Theise  may  be  divided  into  two 
^noral  classes  —  viz.,  the  *'dry"  pmwsB  and  the  "wet"  process. 
In  the  *Mry'*  process,  the  mixture  employefl  is  comparatively 
<iry  when  tamped  into  moulds.  The  ''wet"  process^  generally 
^nsidere<l  prefenible,  may  he  briefly  described  aa  follows: 

A  fnixture  of  1  :  4  is  prepared  in  a  batch  mixer  so  it  wili 
flow  like  cream.  From  the  mixer  the  material  m  run  into  a 
circular  trough  over  the  machines,  in  which  what  is  t-erme<j  an 
agitator  keeps  the  mix  in  continuous  motion,  thereby  maintaifi- 
ing  the  proper  tionsLHtency  and  preventing  setting-up  until  it  is 
drawn  out  of  the  agitating  troughs  int^  the  machines  below. 
These  machines  can  be  construeted  to  manufacture  any  size  of 
block  that  might  be  specified,  provided  the  web  is  of  equal 
thickness  throughout.  The  macJiines  are  steam  heated,  some- 
thing on  the  order  of  a  steam  radiator,  both  the  outer  and  inner 
waUs  being  hollow.  The  moul^ls  are  fiUetl  with  the  liquid  con- 
crete from  the  agitator  as  stated  above,  and  if  the  cement  i« 
reasonably  quick  setting  (say  takes  it>8  initial  set  in  1  hour  or 
1  hour  and  20  minutes)  the  bli>cks  can  be  removtd  in  from  5  to 
10  miniites  according  to  the  thickness  of  the  web.  The  steam- 
heated  niouids  drive  off  the  surplus  moisture  in  vapor,  thereby 
hafiteDing  the  set  of  the  blocks  which  are  then  simply  pushed 
out  of  the  machine,  thoroughly  Haturattd  with  a  fine  spray  of 
water,  and  put  into  tiie  steam  room  where  they  reuiain  for  from 
24  hours  to  6  days.  The  blocks  are  removed  from  the  steam 
room  in  about  24  hours  to  let  nature  complete  the  curing  pro- 
cess. If  hurry  exists  for  any  syiecial  sizesj  the  blocks  can  be 
left  in  the  steam  room  for  6  or  8  days  and  can  then  be  delivered 
on  the  job.  The  blocks  are  not  thoroughly  set  in  that  timej  but 
they  are  sufficiently  pennanent  to  be  used  with  perfect  safety 
in  ca«e  of  emergency.  However,  this  hastening  procedure  ia 
not  to  be  recommended  except  in  case  of  immediate  need.  Aa 
a  rule  the  first  curing  method  is  used,  taking  the  blocks  from 
steam  room  in  24  hours  and  storing  for  from  60  to  90  days* 

For  mortar-blocks,  made  of  cement  and  sand,  a  1  :  4  mixture 
is  common.  For  cement,  sand,  and  broken  stone  or  gravel, 
1  :  2  :  4  is  perhaps  an  average.  The  proper  proportion  of  in- 
gredients, as  in  all  concrete  work,  requires  that  every  grain  of 
sand  be  coated  with  cement,  and  that  every  piece  of  aggregate 
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be  coated  with  th<^  sand-<!eraeiit  mortar.  *^  Wet"  atid  *'  medium  " 
grades  of  blacks  are  less  porous  and  hence  generally  preferable 
to  the  "dry"  mixture  blocks. 

Fije  Tests  of  M&rtur-blocks.  —  For  a  detailed  account  of  fire 
and  water  teats  on  mortar- bbck«,  see  United  States  Geological 
Survey  Bulletin  No.  370,  regar^Jing  tests  made  at  the  Under- 
writers^ Laboratories.  Thirteen  panels  of  mortar-blocks  were 
tested,  including  blocks  made  with  five  distinct  types  of  machines, 
with  varying  propi>rtions  of  ingretlients,  and  of  damp,  medium 
and  wet  consistencies.  A  general  summary  of  the  tests  is 
follows : 

It  i&  apparent  that  the  strength  of  the  webs  of  ordinary 
hollow  blocks  is  insufficient  to  resist  the  stresses  set  up  in  these 
testa,  m  in  many  tests  the  rapid  rise?  in  temperature  and  the  sub- 
seciuent  quenching  of  one  of  the  faces  of  the  blocks  caused  the 
webs  to  split-  It  was  noticeable  that  the  richer  the  mortara 
used  ija  these  blocks  the  better  they  withstood  the  tests.  The 
amount  of  water  use<l  in  mixing  the  mortars  had  a  similar  effect 
on  the  fire-resistive  qualities;  the  mortars  mixed  with  the  great- 
est percentage  of  water  gave  the  best  results.  This  may  be 
clearly  seen  in  the  photographs  of  the  mortar-ldocks  after  the 
water  treatment^  where  the  wetter,  richer  mixtures  often  stand 
out  apparently  undamaged,  in  contrast  with  the  spaUedj  damaged 
faces  of  the  leaner,  drier  blocks. 

When  bkx^ks  were  cracked  or  spaEed  before  the  application 
of  the  water,  the  damage  appeared  to  be  greater  in  the  dry 
mixtures  containing  the  greatest  percentage  of  sand,  and  it  waa 
further  observed,  during  the  fire  test,  that  the  richer  mixtures 
warmed  up  more  slowly  than  the  others.  It  is  apparent  that 
one  of  the  causes  of  weakness  in  the  hoUow-cement  building 
blocks  under  these  fire  tests  was  the  weakness  of  the  concretei 
a  too  dry  and  lean  mixture^  which,  coupM  with  the  thinness  of 
the  webs,  provided  insufficient  strength  to  resist  the  stress  due 
to  the  rapid  expansion  of  the  face.  It  is  quite  possible,  as  was 
shown  in  sorne  of  the  block  tests,  to  make  blocks  which  will 
pass  the  conditions  perfectly;  the  web  must  be  thick  enough  to 
give  the  necessary  strength. 

ConduciwUy  of  Morlar-blockB.  —  An  average  of  all  the  testa 
shows  that  about  90  per  cent,  of  the  maxirnuni  temperatures  at- 
tained by  the  faces  of  the  panels  was  reached  in  one  hour,  while 
in  the  case  of  the  mortar-blocks,  the  increase  in  temperature  of 
the  backs  of  the  panels  in  one  hour  w^as  only  about  20  per  cent, 
of  the  total  increase  in  the  two  houj^. 


Requirements  for  Fire  resistance*  —  The  highest  fire  reaisl 
wUl  be  found  in  concrete-  or  mortar-blocks  made  with 

*  HcRomnaeiitled  by  the  National  Fire  Pro  taction  Assoclafioa  CommlttM  OD 
"Citment  for  Building  ConstnictioQ/*  1907, 
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1.  The  thickeHt  shell,  or  being  nearest  Hohti.  Should  never 
be  less  than  2  mehes  thick. 

2.  A  goofl  brand  of  Portland  cement,  tested  to  conform  to 
recognized  standards. 

3.  One  part  cement  to  not  more  than  four  parts  sand  or  other 
aggregate. 

4.  The  wettentt  mixture  practicable. 

5.  Carefnl  curing  or  aKinj?,  to  continue  for  not  leas  than  thirty 
days  before  using,  during  which  time  the  blocks  are  frequently 
moistened  by  water  spray  or  steam. 

6.  Solid  cotirscH  of  blocks  on  which  joists  or  girders  may 
i«t,  instead  of  allowing  beams  to  rest  on  or  hang  to  the  inner 
Bide  of  a  hollow  shell  which  may  break  off. 

Mortarij  and  Plasters-  —  All  gradcj*  of  mortars  and  plasters, 

from  comraon  lime-  and  sand-mortar  to  the  highest  grades  of 

patent  and  cement  plasters,  are  used  for  fire-resisting  purposes 

in  various  forms  of  light  interior  constructions.     These  have 

been  called  into  existence  by  false  notions  of  economy  as  to 

ttiriginal  cost  and  space  occupied.     Many  of  the  hard  mortars 

^and  patent  pliusters  when  applied  to  light  metal  frameworks 

and  metal  lathing  have  proved  by  experience  to  be  more  or  less 

htisefid,  according  to  the  intensity  and  duration  of  the  exposure; 

[but  the  ultimate  disint4L^gratiori  becomes  simply  a  question  of 

1  intensity  and  time,  and  the  use  of  such  constructions  should  be 

IfoverDed  by  discrimination. 

Plaster  is  largely  used  with  wire  netting  or  metal  lathing  for 

I  the  protection  of  columns  and  l>eam  flanges  and  iis  suspended 

^ceilingrt,  but  experience  has  shown  that  unless  the  plaat-ering  is 

well  pressed  through  to  the  reverse  side  of  the  netting,  it  will  all 

Boon  drop  ofTt  especially  under  the  action  of  wat^r.     In  cases 

^ where  the  netting  or  metal  lath  hugs  the  metal  member  closely, 

Jbere  is  no  room  for  the  plaster  on  the  inner  side,  and  as  .soon  as 

Ihe  outer  layer  drops  off,  the  metal  is  left  expose<l.     To  be  even 

rtially   efficient,    a  space   should    he   provided   between   the 

netting  or  lath  and  the  metal  member  to  he  protect edj  and  this 

space  should  then  be  completely  fille<l  with  plaster. 

For  dii^eussion  of  the  hre-resisling  value  of  suspended  ceilings, 

^flee  Chapter  XL 

^M    lAme-moHar,  —  *'As  far  aa  actual  resistance  to  intense  heat 
^■ia  coneemedj  common  lime-  and  sand -mortar  in  small  quantities. 
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that  is,  when  ased  for  the  joints  between  brickwork  or  as  a  plas- ' 
tering  on  a  brick  wall,  has  greater  fire-rei^iiBting  qualities  than 
any  other  plastic  material.     It  is  not  imcommon  for  the  surfaces 
of  bricks  to  be  melted  and  the  mortar  joints  to  be  left  standing 
out  from  the  wall  like  a  honeycomb."* 

But  hme-mortar  htia  not  sufficient  strength  to  be  used  alone 
in  bodias  thick  enough  to  offer  adequate  fire  rej^i titan cc.  If  it 
could  be  uatxl  to  a  thickness  of  four  inches  or  more,  it  would  be 
far  superior  in  fire-re.sisting  qualities  to  cement-mortar. 

Cemenl-morlar  or  jilasier,  when  exposed  in  considerable  areas 
to  the  action  of  heat,  is  generally  worthless  after  passing  through 
the  ordeal,  provided  even  it  has  answered  its  puqiose  of  re- 
stricting the  fire.  The  partitions  in  the  Home  Life  Insuiance 
Buildingj  which  were  constructed  of  a  light  metal  frameworki 
metal  lathing  and  cementr-mortar,  showed  that  such  construc- 
tions can  not  be  considered  as  first-class  hrc-resisting  methods, 
although  other  cases  may  be  cited,  as  in  the  Livingstone  Building, 
in  which  plaster  partitions  have  been  reasonably  ef!lcient. 

Plaskr  ConMructiom  in  San  Franciaco  Fire.  —  ''It  may  be 
stated  that  one  of  the  most  obvious  lessons  taught  by  this  fire 
is  the  protection  to  concrete  floors  and  floor  beams  by  the  bus- 
pendod  ceiling  of  lath  and  plaster.  In  all  cases  where  used^  it 
afforded  complete  protection.  Where  not  used,  concrete  was 
destroyed  and  beams  were  distorted."  t  The  plaster  was  com- 
pletely dejstroyed,  but  tlie  lath  generally  remained  in  place. 
Hence  such  construction  serves  only  as  a  protection  (whose  de- 
struction is  to  be  expected)  to  the  more  valuable  and  more 
essential  structural  parts. 

Common  plaster  on  wire  mesh,  metal  lath,  or  expanded  metal 
was  very  generally  used  for  the  fi reproofing  of  columns,  parti* 
tions  and  tlie  like,  on  account  of  its  cheapness,  but  was  a 
fadure  when  subjected  to  a  hot  fire,  as  proved  in  the  Hotel  Fair- 
mount,  the  Hotel  Hamilton  and  several  other  hijildings.  This 
failupf!  wjxs  much  more  noticeable  where  only  a  single  wrapping 
or  thickness  of  the  wire  mesh,  etc.  was  uaetl  than  in  the  case  ot 
the  double  wrapping.  But  even  the  latter  proved  to  be  too 
weak  and  disintcgrable  to  ptkss  successfully  through  a  severe 
earthquake  or  a  fire  and  a  strong  stream  of  water  from  a  fire 
hose.  The  plaster  quickly  cracks  and  falls  away  from  the  metal. 
No  doubt  tliese  materials  will  be  used  m  the  future  by  owners 


•  **What  CoDtJtittite^  a  Fireproof  BuildiDg  Material.* 
The  Brickhuiider,  September,  1896. 

f  Mepon  oi  Commiitte  of  Members  of  Am.  Soc.  C.  E. 
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f^lBBMiidiiig  dieapnesB  of  construction,  but  they  will  satisfy  the 
'      uy  in  case  of  mild  exposure.* 


Iff  Plaster  of  Paris.  —  The  heat-resisting  proper- 
las  of  calcined  gsrpsum,  commonly  called  plaster  of  Paris,  have 
ilng  been  known  and  utilized.  In  parts  of  En^and  where  the 
is  found  in  abundance  it  has  been  used  for  nearly  three 
laeataiieB,  and  in  France  plaster  concretes  made  of  broken  brick, 
vood  chips  and  plaster  of  Paris  have  been  used  for  many 
jBDaratioDB. 

.'  Qypsiim  is  a  native  hydrated  sulphate  of  lime,  the  trans- 
piarent  grades  being  termed  selenite,  and  the  finest  qualities 
•kfaaater.  The  common  grades  of  gypsum  are  gently  calcined 
ntil  the  moisture  is  fully  driven  off,  after  which  it  is  ground  to 
produce  plaster  of  Paris.  The  material  possesses  a  very  low 
ttwnnal  conductivity  (see  table  of  tests  on  page  355,  Chapter 
IXED. 

Plaskr.  Blocks,  —  "Pyrobar"  plaster  blocks,  manufactured 
by  the  United  States  Gypsum  Company,  and  Keystone  Fire- 
proof Blocks,  made  by  the  Keystone  Fireproofing  Company,  are 
eompOBed  of  about  95  per  cent,  gypsum  and  5  per  cent,  wood 
£ber  in  the  form  of  excelsior.  They  are  quite  extensively  used 
for  partition  construction,  and  for  column  protections,  etc.,  as 
described  in  more  detail  in  Chapters  XII  and  XIII. 

Sackett  Plaster  Board  and  Gypsinite  Stvdding^  also  made  prin- 
cipally of  plaster  of  Paris,  are  considered  more  at  length  in 
CJhapter  XIII. 

Lime-of'Tiel.  —  Several  of  the  older  buildings  which  were 
destroyed  in  the  Baltimore  fire  were  fireproofed  according  to  the 
system  introduced  into  this  country  from  France  by  the  late 
Leonard  F.  Beckwith.  These  structures  were  among  the  earliest 
attempts  to  produce  a  fire-resisting  construction,  and  the  ma- 
terial employed  for  floor  arches,  etc.,  was  called  lime-of-Tiel, 
fhat  is,  lime  imported  from  Tiel.  The  composite  material  was 
made  of  plaster  of  Paris  and  cinders,  or  plaster  of  Paris  and 
ground  furnace  slag,  with  a  small  proper  Lion  of  lime-of-Tiel 
added.  It  was  known  that  the  latter  material,  which  was  really 
a  hydraulic  cement,  had  an  affinity  for  plaster  of  Paris  (which 
is  not  the  case  with  natural  cements),  thus  making  the  mix- 
ture harder  and  supposedly  more  fire-resisting.     It  proved  so 

*  Prof.  Frank  Soul6,  in  United  Statea  Geological  Bulletin  No.  324,  pp.  148- 
149. 
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r  ineffectual  J  however,  that  lime-of-Tiel  cornpositiona  have  not 
been  manufactured  for  many  years.  In  the  Baltimoie  fire  the 
lime-of-Tiel  floor  archer  in  the  Baltimore  and  <_)hio  Railroad 
Company's  Building  were  largely  sagged  and  broken,  and  the 
girder  and  column  protections  of  the  same  material  in  the 
Equitable  Buildinj^  were  wholly  inefficient. 

F ire-re si^lance  of  Plaster  Blocks.  —  In  the  partition  testa  con- 
ducted by  the  New  York  Building  Department  (see  Chapter 
XHI),  several  type«  o[  pkisttr-bloek  partitijns  were  subjected 
to  fire  and  waf4ir  tests.  While  none  permitted  the  passage  of 
flame,  all  were  so  injured  as  practically  to  require  replacement. 
In  ev'ory  case  a  portion  of  the  material  was  washed  away  by 
the  hose  stream.  In  the  case  of  the  solid  phister  blocks,  the 
material  was  destroyed  to  a  depth  varying  from  |  inch  to  1} 
inches,  while  in  the  two  cases  in  which  cellular  or  hollow  blocks 
were  used,  the  exposed  shells  were  wiished  away,  thus  stowing 
the  hollow^  interior. 

In  the  Baltimore  fire  a  number  of  plaster-block  partitionsj  etc., 
proved  practically  worthless.  Thus  the  partitions  in  the  Herald 
Building  made  of  this  material  were  mostly  displace^:!,  crumbled 
and  powdery.  Those  still  standing  were  soft  and  lifeless,  and 
one's  finger  could  easily  be  pushed  into  the  blocks.  The  re- 
port of  the  National  Fire  Protection  Association  states  that  "the 
total  faUure  of  the  plaster-block  partitions  w^as  conspicuous,  as 
they  softened  an<l  crumbled  away  completely  under  heat,'^ 

The  only  plaster  of  Paris  construction  w^kich  the  writer  knows 
of  as  occurring  in  the  San  Francisco  buildings  was  in  the  Acade- 
my of  uSciences  Building  whore  "plaster  of  Paris  was  used  on 
the  concrete-filled  cast-iron  columns,  and  seemed  to  stand  fire 
much  belter  than  lime-mortar.** 

Sorel  ^tone,  othen^-itie  called  "Sorelit^,"  *'Sorelliih,"  "Mag- 
nolith,''  "marbleite,"  "marbleoid,"  "marbolith,"  "asbestolith," 
"wood-stone,"  etc,  is  an  artificial  sttine  or  marble-like  compo- 
sition, chemically  known  as  an  *'oxychloride  of  magnesium  " 
product.  It  was  invented  in  1853  by  one  vSorel,  a  French 
chemist,  who  patented  it  in  the  Utiited  States  in  1870,  since 
which  various  modifications  of  the  basic  patent  or  principle 
have  been  employed  for  a  wide  variety  of  purposes  under  many 
names,  including  those  given  above,  and  others.  Some  of  the 
principal  uses  of  sorel  stone  have  been  artificial  building  stones, 
aiiJBc'm}  marble,  tihng,  wainscoting,  base,  mouldings,  etc,  but 
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chief  use  has  been  in  the  manufacture  of  monolithic  floors, 
I  described  in  the  following  paragmph. 

Tbc  iiggregat^^H  employed  depend  entirely  upon  the  uses  to 

twhjch  the  material  ia  to  be  put.     They  include  powdered  stone, 

Isand^    pow^dered   quartz,    asbestos   (either   fiber  or  powdered), 

Ipowdered  tak%  mineral  wool,  sawduat,  ground  cork  or  ground 

hells.     To  any  proper  (combination  of  these  aggregates  is  added 

owdered  calcined  magnesite  a-s  th*^  base  of  the  cement.     Tlie 

mass  ia  then  moistened  with  ii  sfilution  of  chloride  of  rnagnesia> 

and  coloring  matter  is  added,  if  desired.     The  material,  when 

et,  is  sorel  stone. 

Tests  made  by  the  New  York  Building  Department  showcil 
that  this  material  possesses  superior  fire-resisting  properties- 
Samples  of  flooring  mixtures,  J  inch  thick,  were  subjected  to 
flame  at  a  tempr^rature  of  17(X)°  F.  for  one-half  hour,  after  whicfi 
tbey  were  plunged  into  a  OlVjxmnd-pressure  water  stream  for 
Que  minute,  without  warping  or  cracking.  While  the  face 
showed  a  temperature  of  1700  degrees,  the  opposite  side  ahowed 
only  226  degrees,  thus  proving  the  great  non-conductivity  of 
the  mali^riaL 

MonoUtblc  Floors.  —  Many  modihcations  of  sorel  etone,  as 
described  in  the  preceding  paragraph,  have  been  widely  experi- 
^^  mented  with  in  an  endeavor  to  obtain  a  satisfactory  monolithic 
^M  flooring  which  should  be  fire-resisting,  elastic^  impervious  to 
^m  water  and  acids,  durable  and  withal  not  too  expauBive;  and 
^m  while  some  manufacturern  have  failed,  either  through  the  crack- 
^m  ing,  warping  or  buckling  of  the  material,  others  have  secured 
^B  most  excellent  rcBuUi^. 

^H  As  before  explained  in  discussing  eorel  atone,  a  wide  variety 
^m  of  aggregates  is  UBcd,  but  in  generaJ,  such  monolithic  floors  may 
^m  be  divided  into  two  general  classea  —  plastic  floorings  and 
^B  granular  floorings.  Cement  floors  or  monolithic  floors,  made 
Hi  with  sand  as  a  bsiae,  are  nearly  always  gritty  or  dusty  under 
^Bwear,  and  the  coloring  matter  in  the  latter  class  of  floorings  is 
^Bfery  apt  to  wear  off  and  settle  on  furniture,  etc.  Sand  as  a 
^*  filter  or  base  should  be  avoided,  as  it  also  makes  the  flooring 
g  I    brittle,  and  liable  to  crack. 

Monolithic  floors  of  the  better  makes,  such  as  **Karbolith'^ 
[(made  by  the  American  Matron  Safety  Tread  Company),  Asbea- 
Itolith,  '^Kapailo,"  manufactured  by  the  Kapailo  Manufacturing 
I  Company,  New  York,  etc.,  are  even  more  durable  than  muLtbltt 
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or  terrazOj  and  if  properl}'  Itiid,  they  will  not  warp  or  craek. 
Tbe  writer  knowfl  of  stich  flooringta  which  have  heen  used  for 
ten  yeara  without  showing  signs  of  wear.  They  are  resilient, 
and  easier  and  less  fluaty  than  eenient  floors.  Aa  thej'  are  laid 
plastically,  there  are  no  craek3  or  seams  to  accumulate  dirt  or 
germs,  hence  they  are  ea:^ily  cleaned,  and,  when  combined  with 
a  coved  or  sanitary  hiiJMi  of  the  same  material,  are  much  used  in 
hospitals,  etc.  They  are  practically  unaffected  by  acids,  alka- 
lies, blood  or  ink,  and  are  waterproof. 

Monolithic  floors  may  be  laid  over  wood  flooring,  or  over 
concrete   provided   the   latter   is  thorouglily   dry.     The    usual 

[thickness  ia  about  one-half  inch,  weighing  about  threo  pounds 
per  square  foot,  k  variety  of  colora  m  used,  but  the  red  has 
proved  the  most  durable  ami  satiafaetory. 

Fireproof  Wood,  or,  as  it  should  more  properly  be  called, 
"fire-ret ardent"  wood,  has  found  building  usage  principaUy  in 
New  York  City  in  those  structures  exceixling  150  feet  in  height, 
in  which,  according  to  the  Building  Code,  the  floors  must  be 
of  incombustible  material  or  of  "wo*jd  treated  by  .some  process- 
approved  by  the  Board  of  Buildings,  to  render  the  sojne  fire 
proof/'  and  m  which  **all  interior  finish  may  be  of  wood  covered 
with  metal,  or  wood  treated  by  some  process"  aa  above. 

Method  of  Manuftidure  and  Use,  —  The  treatment  of  fireproof 
wood  by  the  Electric  Fireproofing  Company's  process  consists 
in  plEvcing  the  wood  in  large  sleel  cylinders,  to  which  steam  ia 
admitted  under  light  pr»*sriure.  Af(cr  a  time  the  steam  m  with- 
drawn and  a  vacuum  created,  which  draws  the  sap  and  dissolved 
resins  and  gums  from  the  wood.  A  solution  of  phosphate  of 
ammonia  and  sulphate  of  ammonia  is  then  introduced  under 
pressure,  varying  in  degree  according  to  the  size  and  nature 
of  the  wood  to  ha  treated ^  but  not  exceeding  approximately 
2'0O  pounds  to  the  square  inch.     After  being  thus  impregnated, 

'  the  wood  ia  withdrawn  from  the  treating  cylinder,  exposed  to  tJk 

i^ertain  amount  of  air  drying,  and  is  then  kiln  dried.  This 
thorough  drying  process,  which  is  very  essential,  leaves  a  portion 
of  the  dissolved  sails  in  the  cellular  structure  of  the  wood,  and 
it  is  these  crystals ,  which  will  fu.^?  under  high  temperatures, 
which  retard  combustion. 

Any  and  all  kinds  of  wood  arc  treated,  but  soft  non-resinous 
woods  are  more  easily  and  more  effectually  impregnated-     The 

ccwf  of  treatment  varies  considerably  with  the  siae.     The  u^ual 
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I  finish  for  interior  woodwork  ia  two  or  three  coata  of  varnish, 
but  wood  expo.sed  to  the  weather  requirea  two  or  three  coats 
qI  a  good  metallic;  oil  paiat. 
Wood  treated  l>v  the  ahove  fircproofing  pro^^esa  appt-ars  to 
take  a  finish  better  than  does  untreated  woodj  owing  to  the  fact 
that  it  m  alre^idy  fillt'd  l>y  the  fireproofing  naltfi,  and,  tliereforej 
needs  no  other  preparation  to  fit  it.  for  the  application  of  painty 
varnish  or  polish.  There  is  some  que6?tion,  however,  whether 
the  fiiiiwh  is  not  more  liable  to  blister  or  chock  tlian  on  untreated 
wood. 

There  has  been  some  trouble  from  corrosion  of  rnotal  in 
contact  where  h reproofed  wood  has  been  used.  It  would  appear 
that  wood  can  be  treated  and  thorouyjbly  dried  so  that  if  uned 
in  the  ordinary  dry  atmosphere  generally  found  inside  of  liuild-- 
inga  in  our  chmate,  it  should  not  giv^e  trouble  from  corrosion.  .  .  , 
Testa  have  bet>n  made  at  the  Stevens  Institute  of  Tceh- 
nology  and  by  the  Ordnance  Department  of  the  United  States 
with  reference  1o  weight,  strength^  etc. 

One  teat  ns  reported  shows  that  the  wowl  increa^ictl  in 
weight  from  34  pounds  per  cubic  foot  to  (j8j  pounds  after  treat- 
ment, which  agEiin  decreaned  to  37S  pounds  after  kiln  drying, 
that  is,  the  fimil  gain  in  w^eight  over  untreated  wood  is  about 
10  per  cent. 

Tests  for  strength  show  approximately  as  follows: 
White  pine  shows  a  gain  in  transverse  or  breaking  strength 
of  7  per  cent. 

Yellow  pine  shows  a  loss  of  transverse  strength  of  12.6  per 
cent. 

Compression  tests  show  a  Iohs  of  from  (i.l  to  9.2  per  cent. 
Tension  tests  show  a  gain  of  It)  to  24  per  cent.* 

Fireproof  wood,  especially  that  treated  by  the  Electric  Fire- 
j  proijfing  Company,  hsis  tieen  used  in  a  con.siderable  number  of 
prominent  office  and  store  Vniildings  in  New  York  City. 

Fire-resMng  Qualities.  —  The  test  applied  to  fireproof  wotkI 
by  the  New  York  building  Department  *' consists  in  placing  a 
stick  of  the  treated  wood,  |  in<di  l>y  U  incheii  in  croKS-section  by 
1 8  inches  long,  for  two  minutes  over  a  crucible  gas  furnace  in 
r which  a  constant  temperature  of  ITOO""  F.  is  maintained,  then 
1  leinoving  the  test  piece,  noting  the  time  it  continues  to  flame 
f^  and  glow,  then  scraping  away  the  charred  wood  and  determin- 
,     ing  the  ptireentage  of  unburned   wood/'t     Ttie  conditions  of 

Iteceptance  are  that  "  the  flame  and  glow  should  disappear  within 
; 


Report  of  Ciimuiitt^a  on  Fire-re tarde at  Treatmeats  of  Wood*  Proceedings 
ftf  Fifth  AanEjdl  Me«tiag  oi  Nationiil  Fire- Protect  ion  Aaaociation. 
t  Hudolpb  F.  -Milier.  Superintendent  of  DuiJdinga,  New  York  City, 
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ten  U>  1  wrnty  Her'finda  after  the  reinaval  of  tht^  test  pie^f^  from 
the  ftiriiaec',  and  the  unburnGrI  and  uncharnxl  section  at  the 
center  of  the  specimen  should  be  not  less  than  50  to  70  per  cent, 
of  the  original  cross-section,  depending  on  the  variety  of  wood 
under  test/' 

Other  te«ta  of  fireproof  wood  have  been  made  by  tlie  United 
States  Government  (to  dot(^niun«  its  practicsability  for  use  in 
war  vesaels),  by  the  British  Fire  Prevention  Committee,  and  by 
the  Insurance  Engineering  Experiment  Station  in  Boston. 
ome  of  the  conclusions  given  l>y  Prof.  Charle*?  L.  Norton  in 
'Report  No.  XVI 11  (1905J  of  the  laist-named  institution  are 
follows : 

Judged  by  the  average  of  all  the  specimens  examined,  it  is 
clear  that  many  sourcea  of  ignition  which,  while  lasting  only  a 
few  seeondj*,  would  set  fire  to  untreated  hard  woixl,  must  last  at 
least  five  minutes  to  set  fire  to  fireproof  wood.  The  flame  and 
radiation  given  off  by  fireproof  wood  are  only  a  small  fraction 
of  those  given  out  by  untreated  woofl,  and  the  chance  of  spread 
of  fire  along  it  from  the  heat  of  its  own  burning  is  almost  nothing. 
The  deterioration  of  the  wood  when  kept  in  a  reasonably  dry 

fjlacc  is  shown  by  the  specimens  of  the  Electric  Company  at 
east,  to  be  almost  nothing  for  a  period  of  three  years,  and  it  is 
my  opinion  that  when  painted  or  varnished  or  even  when,  like 
the  specimens  which  were  kept  for  examination  in  1902,  they  are 
in  the  shape  of  rough  lumber,  the  protection  of  the  electric  process 
is  apparently  permanent.  No  information  is  iii  hand,  un* 
fortunately,  conceniing  the  other  processes^  on  this  point,  »  ,  , 
It  was  noted  all  through  the  tests  that  the  fumes  of  the 
burning  wood  were  intonwely  pungent^  irritating  to  eyes  and 
throat,  and  caused  in  the  ca^e  of  a  number  of  persona  exposed 
to  them  for  some  days  acute  illness  for  a  short  time.  In  case  of 
fire,  it  is  probable  thai  the  firemen  would  find  tlyis  smoke  a 
hindrance  in  entering  and  working  in  a  budding  trimmed  with 
fireproof  wood*  The  relative  effectiveness  of  the  treatment  in 
use,  by  at  least  one  of  the  companies  in  1902  and  in  PK)5,  shows 
that  the  art  hjis  progressed,  and  that  the  later  specimens  are 
more  fire-retardent  than  the  earlier  ones  were  when  new,  or  are 
at  this  time. 

Asbestos/  from  a  Greek  w^ork  signifying  *' unquenchable," 
(owing  to  the  erroneous  idea  that,  when  once  ignited,  it  could 
not  l^e  quenched),  is  a  fibrous  variety  of  hornblende  found 
w^idely  distributed  throughout  the  world*     The  principal  supply 

*  For  a  mure  detailed  description,  see  "ABbestos:  Its  Mininf,.  Prep&ratioD, 
Markets^  and  Uses/'  by  E.  Schaaf-Regelniaa.  The  Engineering  Magazine, 
October,  J&07. 
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of  omde  asbestos  suitable  for  the  manufacture  of  woven  fabrics 
eoines  fiom  Canada,  where  it  is  found  in  narrow  veins  or  seams, 
embedded  in  rock,  and  from  which  it  is  easily  severed.  On 
deavage*  the  asbestos  presents  a  briUiant  dark-green  surface, 
bat  after  being  detached,  the  fibers  are  perfectly  white. 

T|ie  prooess  of  manufacture  begins  with  a  crusher  which 
divides  the  fibers  without  destroying  them,  after  which  they  are 
wimKywed  or  cleaned  of  foreign  matter  by  air  blast.  Then,  by 
means  of  a  blower  and  other  processes,  the  fibers  are  sorted  into 
ooaiBe,  medium  and  fine  fibers  of  short  and  long  lengths.  The 
eoaraer  and  shorter  fibers  are  used  for  a  great  variety  of  manu- 
£utured  products,  such  as  asbestos  sheathings,  shingles,  pipe 
eavmag^  plaster,  etc.  The  finer  and  longer  fibers  are  reserved 
for  weaving  into  asbestos  cloth,  packing,  ropes,  etc. 

AsbestoB  is  incombustible  and  is  low  in  heat  conductivity, 
but  after  subjection  to  high  temperatures  it  loses  its  life  and 
beoomee  powdery. 

AabestcMi-eemeiit  Products,  such  as  asbestos  building 
Imnbery  asbestos  corrugated  sheathing,  and  asbestos  shingles, 
aie  made  of  hydraulic  cement  and  asbestos  fiber,  in  the  propor- 
tkm  of  one  part  fiber  to  about  six  parts  of  cement.  The  resultant 
material  is,  therefore,  practically  nothing  more  nor  less  than 
concrete,  in  sheet  form,  which  has  been  subjected  to  heavy 
hydraulic  pressure,  thus  assisting  the  crystallization  of  the 
cement.  The  products  are  then  seasoned  in  suitable  rooms  for 
a  sufficient  length  of  time  before  using. 

Asbestos  board,  manufactured  as  desoribed  above,  was  origi- 
nally intended  as  a  roof  covering  only ;  but  its  uses  have  gradually 
extended  to  a  considerable  variety  of  constructive  features,  such 
as  boardings,  sheathings,  shingles,  etc.  These  products  are 
fire-resistive  to  a  very  considerable  degree,  durable,  sufficiently 
elastic  to  endure  vibrations  without  cracking,  and  yet  tough 
under  blows,  etc.  They  may  be  punched,  nailed  and  cut  with 
heavy  tools,  but  cannot  be  worked  with  ordinary  wood-working 
tools.     These  materials  harden  rapidly  with  age. 

Asbestos  Building  Lumber,  or  "Century  sheathing,"  as  manu- 
factured by  the  Asbestos  Shingle,  Slate  and  Sheathing  Company 
of  Ambler,  Pa.,  can  be  attached  to  studding,  joists,  etc.,  for  use 
on  walls  and  ceilings.  It  is  also  used  for  wainscoting,  doors, 
IMutitions,  insulations  and,  to  a  considerable  extent,  as  an  ex- 
terior substitute  for  plaster  or  stucco.     By  the  Underwriters' 
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Laboratories,  Incorporated,  asbestos  building  lumber  "is  con- 
sidered from  the  insurance  view-point  as  being  superior  to  wood 
for  the  uses  intended." 

"Century  sheathing"  is  made  in  standard  sheets  42  inches  by 
48  inches,  and  42  inches  by  96  inches  in  size,  varying  in  thickness 
from  i  inch  (weight  1|  pounds  per  square  foot)  up  to  f  inch 
(weight  6f  pounds  per  square  foot). 

Asbestos  Corrugated  Sheathing  is  really  corrugated  asbestos 
building  lumber,  reinforced  with  a  woven  wire  netting  embedded 
therein.  In  form  it  is  like  corrugated  iron,  and  it  is  used  in 
the  same  manner  as  the  later. 

When  used  in  roof  construction  it  may  either  be  laid  directly 
upon  the  purlins  where  it  is  held  in  place  by  means  of  wires  or 
clips  encircling  the  purlins,  or  it  may  be  nailed  to  wood  nailing 
strips  bolted  to  the  purlins.  For  roofing  purposes  the  side  lap 
should  be  of  two  corrugations,  with  6  inches  for  end  laps.  The 
sheets  should  preferably  be  laid  with  joints  broken  in  every 
course. 

When  used  as  siding  it  may  be  nailed  to  wood  sheathing  or 
wood  nailing  strips,  or  better,  clipped  or  wired  directly  to  the 
steel  construction.  The  side  laps  should  be  two  corrugations, 
with  4-inch  end  laps. 

Standard  size  sheets  are  27J  inches  wide,  j\  inch  thick,  and 
lengths  of  4,  5,  6,  7,  8  and  10  feet.  The  weight  is  about  2§ 
pounds  per  square  foot.  The  corrugations  are  25-inch  pitch. 
The  under  sides  of  the  sheets  are  roughened  to  reduce  conden- 
sation. 

Special  shapes  of  the  same  material  are  made  for  "ridge 
rolls"  at  ridges  of  roofs,  and  for  "corner  rolls"  at  the  vertical 
corners  of  siding. 

Asbestos  roofing  shingles  are  described  in  Chapter  XXI. 

Asbestos  metallic  cloth,  as  used  for  theater  curtains,  etc.,  is 
described  in  Chapter  XXII.  For  one  of  the  most  thorough 
investigations  ever  made  as  to  the  fire  resistance  of  asbestos 
cloth  or  canvas,  and  asbestos  twine  and  rope,  see  "On  the 
Safeguarding  of  Life  in  Theaters,"  by  Mr.  John  R.  Freeman. 

Wire  Glass.  —  Manufacture.  —  The  first  patent  for  wire  glass 
was  granted  in  1855  to  an  Englishman  by  the  name  of  Newton, 
for  "a  fireproof  and  burglar-proof  glass."  No  practical  use  of 
the  invention  was  made,  however,  for  many  years  —  principally 
owing  to  the  difficulties  encountered  in  making  —  until,  in  1893, 
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the  Franklin  Institute  recommended  the  award  of  the  John 
Scott  legacy  pmmium  and  modal  to  Frank  Shuman  for  hia 
machine  and  process  for  produciiii^  wire  ^lass.  The  varied  u.see 
Wto  which  the  glass  could  he  pu( ,  and  its  supLritjrity  over  ordiiiaiy 
P^ajss  were  commented  on,  but  no  f^pecial  Jiieution  was  made  of 
its  fire-resisting  qualities. 

The  value  of  wire  glans  as  a  tire-ret nrdent  seems  to  liave  l^een 
disc*overed  quite  aeciden  bally,  but  as  soon  as  its  use  for  this 
purpofie  was  realized,  the  production  was  greatly  stimulated. 
At  first  much  difficulty  wiis  experienced  in  producing  a  satia^ 
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Fio.  44.  —  Wire  Glass. 


ctory  produetj  owing  to  the  "sandwich*^  method  of  manu- 
^  followed.     This  consisted  of  puuring  a  melt  of  glaas  upon 

heated  slab,  and  then  embedding  wire  mesli  therein  while  a 
Kill,  traveling  over  the  slal),  rolled  a  second  laj^er  of  melteil  glass 
over  the  mesh.  This  jirocess,  owing  to  the  inlerni^l  strewMes 
developed  in  the  cooling  of  the  two  layers,  rejsultt}<l  in  glaj^s  liable 
to  crack  under  changes  in  temperature.  Later  the  improve- 
at  of  "eonlinuous'-  or  "solid'-  wire  ghtas  was  developed 
Irhereby  the  glass  is  made  with  but  one  pouring  and  one  rolling. 

Kinds  and  Sizes,  —  Solid  wire  gbiss,  made  by  the  Penn- 
ylvania  Wire  Glass  Company,  derives  its  name  from  the  im* 
pix)ved  process  of  nijuiufacture  de^s^ciibed  above.  It  is  rolled  in 
tagths  up  to  130  inclics  and  in  tluckneHses  from  \  to  V^  '\i\d\, 
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with  surfaces  ** polished,"  "figured"  (cobweb  pattern),  "ribbed," 
and  "rough."  The  polished  and  cobweb  types  are  shown  in 
Fig.  44.  The  maximum  width  of  sheets  is  64  inches,  but  sheets 
as  usually  carried  in  stock  are  32  inches  by  130  inches. 

A  distinctive  marking  to  denote  the  approval  of  the  Under- 
writers' Laboratories,  Incorporated,  is  provided  in  the  above 
types  of  solid  wire  glas».  This  consists  of  a  twisted  strand  of 
two  No.  27  gauge  wires,  woven  into  the  mesh  at  intervals  of 
approximately  10  inches,  as  shown  in  one  of  the  vertical  wires 
in  the  polished  light  in  Fig.  44.  In  the  ribbed  pattern  this 
distinctive  marking  cannot  be  seen  when  the  glass  is  inspected 
from  the  ribbed  side,  but  can  be  seen  from  the  plain  side. 

Eighth-inch  and  x\-inch  wire  glass  are  not  suitable  for  use 
where  fire  resistance  is  to  be  considered.  For  this  service, 
}-inch  glass  should  invariably  be  used,  and  under  the  rules  and 
regulations  of  the  National  Board  of  Fire  Underwriters. 

Tests  of  i-inch  "solid"  wire  glass,  as  used  for  skylights,  etc., 
were  made  by  Mr.  A.  W.  Kurz,  Engineer  of  the  National  Venti- 
lating Company,  as  follows.  The  lights  were  19  inches  between 
supports,-  with  }-inch  bearing  at  each  side.  The  results  indicate 
centrally  concentrated  breaking  loads. 


Tests. 

"  Solid  "  wire  glass. 
"  Continuous  " 
process. 

Old-style  wire  glass. 
**  Sandwich  "  pro- 
cess. 

Number. 

1 

2 
3 
4 
5 

6 

Pounds. 

128 
118 
131 
184 
158 
158 

Pounds. 

75 

90 

85 

74 

103 

81 

Average .... 

145J 

84f 

High 

Low 

184 
118 

103 

74 

Fire-resistance.  —  Wire  glass  is  largely  used  as  a  fire-retardent 
in  windows,  doors  and  elevator  enclosures,  also  in  skylights 
except  where  the  breakage  of  the  glass  is  desirable  for  the  outlet 
of  flame  or  smoke. 

For  the  particular  application  of  wire  glass  to  windows,  see 
Chapter  XIV,  particularly  the  National  Board  regulations  as  to 
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glazjDg  on  page  4^t3,  and  paragraphs  "Wire  Gla-^s  m  Windows/' 
*'  Fire  Tests  of  W  ire  Glass  Windows,"  and  **  Wire  Glaaa  Windowa 
in  San  Francisco  Fire,"  pages  450,  453  and  455  respectively. 

As  appb'ed  to  stair  enclowures,  see  Chapter  XV,  particularly 
paragraphs  "Metal  and  Wire  Gla*j  Enclusares  "  and  "E^artial 
Enclosures,"  page  506. 

As  applied  to  elevator  enclosures,  see  Chapter  XV^I,  particu- 
larly paragraph  ** Metal  and  Wire  (ihi^ja  Enclosures,"  page  542. 

Diifuirian  of  Light .  —  For  comparative  tewthi  eim  in  the  dilTtj.sion 
of  light  through  various  kinds  of  ghiss,  including  priam  and 
wire  glass,  see  RefX)rt  No.  Ill,  "Diffusion  of  Light,"  issued  hy 
the  Int^urarK-e  KngiufHTing  Kxperimcnt  Station. 

Prism  Glass.  —  The  following  extracts  are  taken  from  Prof, 
Charles  L.  Nortnn*s  Reixjrt  No.  XI  of  the  Insurance  Engineering 
Experiment  Station: 

Purpose  of  l^cst.  —  The  purpose  of  the  test  was  to  demon- 
strate the  relative  effectiveness,  as  a  fire-resisting  window  glass, 
of  Luxfer  piisrtis  and  [jlates  as  compared  with  ordinary  wire 
glass  of  an  approved  make. 

Material  TesiCfi.  —  The  si>ecitnens  tested  were  (Ist  test)  one 
plate  of  el(>ctro-glai!(Kl  Luxfer  prisms,  50"  X  50",  0.35  inch  thick. 
Three  lights  of  wirerl  glass,  24''  X  30",  one-quarter  inch  thickj 
and  one  plate  of  electro-glazed  Luxfer  prisms,  24"  X  30",  0.35 
inch  thick;  and  (2d  testl  one  plate  of  electrti-glazed  plito  glass 
50"  X  50";  three  sheets  of  wdreil  gljLss  24"  X  30"  X  l";  and  one 
plate  of  elect ro-glnzed  plate  24"  X  30"  X  I".  All  Luxfer  prisms 
and  plates  were  4"  squares. 

It  will  be  noticed  that  the  first  test  w\i8  to  demonstrate 
the  relative  effectiveness  of  the  electro-glazed  prisms  in  50"  X  50" 
and  24"  X  30"  sisses  as  compared  with  the  approved  sheet  of 
wired  ghvss  of  24"  X  30".  The  second  test  wa.s  to  compare  the 
electro-glazed  plate  in  50"  X  50"  and  24"  X  30"  sizes,  with  the 
24"  X  30"  wire^I  glass.  .  .  . 

The  openings  in  the  brickwork  to  receive  the  window  frames 
were  as  follows: 

West  side,  54"  X  54";  north  side,  525"  X  34"  and  east  side» 
52 1"  X  34".  The  frames  were  of  an  approved  pattern  for  sta^ 
tionary  sash.  The  metal  was  galvanized  steel  No.  24.  The 
50"  X  50"  hghts  were  fastened  to  the  upper  rail  of  the  sash  by 
three  three-si.xttK'nths- in  eh  holts  propfuly  riveted.  ■  .  .    ^ 

Summori/.  —  The  two  tests  resulted  in  demonstrating  the 
ability  of  all  the-Hfimplos  tested  to  remain  in  pjsition  and  effective 
operation^  up  to  the  time  when  the  temperatuie  of  the  melting 
glass  was  reach eiL 

The  Luxfer  plates  and  prisms  in  24"  X  30"  stood  the  test 
quite  as  well  as  the  24"  X  30"  wirt^fl  glass,  and  they  were  stronger 
sX  the  close. 
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The  Luxfer  plates  50"  X  50"  were  down  nearer  the  fire,  and 
the  glass  was  undoubtedly  hotter  than  the  wired  glass.  But  the 
wired  glass  was  just  at  the  melting  point,  as  shown  by  the 
rounded  edges  of  the  cracks  and  the  distortion  of  the  plate. 

The  results  of  the  two  tests  indicate  that,  as  shown  by 
these  samples,  the  three  materials,  wired  glass,  electro-glazed 
prisms,  and  electro-glazed  plates,  when  used  in  sheets  24"  X  30", 
are  of  practically  the  same  effectiveness  in  resisting  the  action  of 
fire.  The  condition  of  the  50"  X  50"  plates,  during  and  after 
the  test,  shows  them  to  be  as  effective  as  the  24"  X  30"  wired 
glass  sheets,  provided  the  melting  point  of  the  glass  is  not  ex- 
ceeded; and  it  is  certain  that,  at  this  temperature,  all  of  the 
samples  tested  would  completely  fail. 

Asbestos  Protected  Metal  is  a  non-combustible  roofing, 
siding,  and  sheathing  material,  manufactured  under  patents  con- 
trolled by  the  Asbestos  Protected  Metal  Company.  In  brief, 
the  material  consists  of  steel  plates  of  various  gauges,  which 
are  coated  both  sides  under  great  heat  and  pressure  with  a 
special  asphaltum  compound  containing  heavy  natural  oils. 
Layers  of  asbestos  felt  are  then  applied  under  a  high  pressure 
which  results  in  embedding  the  felt  in  the  asphaltum.  The 
sheets  thus  combine  steel  for  strength  and  rigidity,  asphaltum 
for  protection  against  moisture,  deleterious  gases,  etc.,  and 
asbestos  for  resistance  against  heat  or  fire. 

Standard  sheets  are  made  in  the  following  varieties  and  sizes, 
the  steel  plates  or  cores  varying  in  gauge  from  No.  20  to  No.  28, 
U.  S.  standard. 

Flat,  30  ins.  X  96  ins.,  and  30  ins.  X  120  ins. 
Corrugated,  2i-in.  corrugations,  26  X  96  and  26  X  120. 
Beaded  or  grooved  sheets,  28  X  96  and  28  X  120. 
Clapboard  siding,  26  X  60  ins.,  5-in.  face. 
Flat  and  corrugated  ridge  cappings  and  flashings,  etc. 
Interior  finish  sheets,  flat,  any  size  up  to  30  X  144  ins. 

Three  brands  are  manufactured,  —  "Duckback,"  or  water- 
proof, adapted  especially  for  exterior  service,  or  where  moisture 
or  acid  fumes,  etc.,  are  to  be  considered,  —  "Aspromet,"  in 
which  the  asbestos  covering  is  more  or  less  absorbent,  designed 
for  interior  use,  particularly  where  fire  resistance  is  a  factor,  — 
and  special  interior  finish,  in  which  one  side  of  the  sheets  is 
especially  prepared  to  receive  painted  or  enamel  finish,  etc. 
All  of  these  brands  are  made  in  three  colors  —  white,  gray  and 
terra-cotta. 
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These  products  are  used  for  roofing,  Biciing^  ceiling  aifd  interior 
she-athing,  etr*,  especiaHy  wiiere  it  is  desired  to  combine  iin- 
perviousnesa  to  moisture,  fyme^^,  or  giisan^  with  some  degree  of 
fire  resistance.  From  a  fire  prote<^tion  standpoint  they  are 
decidedly  superior  to  unproteeted  sheet  or  corrugated  metals, 
whether  usefl  as  roofini^  or  as  sidinj^;  but  thoy  are  not  capable 
of  offering  much  resistance  to  either  severe  or  prolonged  heat, 
as  the  materiaiH  will  warp  after  the  thin  protection  layer  of 
asbestos  is  destroyofl.  They  are  generally  applietl  like  ordinary 
comigat^d  iron  —  that  is,  clipped  to  pudins  and  atcel  framework, 

•'Ferroinclave*'  is  a  corrugated  sheet  steel,  designed  to  be 
protected  against  fire  and  weather,  etc.j  b^i'  the  concrete  or  cement 
mortar  which  it  reinforces.  Thin  product  is  patented  and 
manufactured  by  the  Brown  Hoisting  Machinery  Company 
of  Cleveland,  Ohio. 

Amiealed  sheet-steel  of  various  gauges  is  crimped  by  machinery 
to  the  form  shown  in  Fig*  45,  that  isj  with  dovetail  corrugations 
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Fig.  45.  —  "FerroiDclave." 


which  are  inversely  tapered.  These  comigationa  are  §  inch 
deep  and  2  inches  center  to  center,  and  of  such  alternating 
widths  that  the  wider  corrugations  on  any  sheet  will  fit  or  *' shin- 
gle" over  the  small  cornigations  of  any  other  sheetj  thus  forming 
ft  tight  end  lap  or  joint  without  destroying  the  conugationa. 
Side  lap  is  provided  for  as  shown  in  Fig,  45. 

Ferroinelave  sheets  are  miide  20i  inches  wide,  and  in  lengths 
up  Ui  10  feet,  the  usual  gauge  being  No.  24.  Weights  per  square 
Foot  fnot  including  lips)  and  cn>fc«8-8<!<!tioniiJ  areas  per  foot  of 
Kidth  for  the  various  gauges  made  are  as  follows: 
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Other  gauges,  galvanized  metal,  and  sheets  with  corrugations 
which  do  not  taper,  are  also  made  to  order. 

The  principal  uses  of  this  material  are  for  roofing  and  siding, 
although  it  has  also  been  used  to  some  extent  for  floor  reinforce- 
ment or  centering,  and  in  stairs,  coal-bins,  silos,  culverts,  etc. 

Ferrainclave  Roofing  is  described  in  Chapter  XXI,  page  685. 

Ferroindave  Siding  is  constructed  by  fastening  the  sheets  to 
studs  or  girts,  either  vertically  or  horizontally,  but  preferably 
the  latter.  The  supports  may  be  spaced  up  to  9  feet  9  inches 
centers,  but  the  most  economical  spacing  is  usually  4  feet  lOJ 
inches  centers,  or  two  supports  to  a  standard  10-foot  sheet.  The 
sheets  may  be  held  in  place  by  bolting  through  the  studs  or 
girts,  or  by  clipping.  The  former  method  is  stiffer,  but  in  either 
case,  cross  ties  which  are  furnished  with  the  sheets  should  be 
spaced  about  every  2  feet  at  the  side  laps. 

After  being  placed,  the  sheets  are  plastered,  first  inside  and 
then  outside,  with  i  inch  of  mortar,  thus  making  the  total  thick- 
ness of  siding  1 J  inches.  A  mortar  composed  of  one  part  Portland 
cement,  two  parts  sand  and  a  little  hair  is  recommended.  A 
cheaper  mixture,  generally  satisfactory  except  where  acid  fumes 
exist,  may  be  made  of  one  part  Portland  cement,  one-half  part 
hydrated  lime,  three  parts  sand  and  a  small  quantity  of  hair. 
If  the  span  is  over  7  feet,  a  |-inch  coating  of  mortar  should  be 
placed  on  each  side. 


CHAPTER  VIII. 
FBMANENCT  AND  COBBOSI<m. 


of  Protection  i^^lnst  Corrosion.  —  The  ton- 
HiB  of  stmotural  steel  used  annually  in  the  United  States  has 
^Mtly  inereased  of  late  years.  In  1910,  2,266,890  gross  tons 
tf  rtraotural  shi^pes  were  produced  by  American  rolling  mills. 
IRftbthe  largely  increased  demand  for  steel  and  fire-resisting 
ccHDes  the  attendant  question  as  to  the  life  or  per- 
of  sudi  construction. 

The  permanency  of  steel  framework  buildings  as  a  class  by 
ttemaelireB  cannot  be  defined  by  any  specific  rules;  general 
loeftlity,  local  conditions  and  constructive  materials  and  methods 
am  all  involved  in  a  proper  solution  of  each  individual  case. 

Hie  oonoflibility  of  metal  work  in  various  classes  of  structures 
ii  reoeiving  increased  attention  from  those  entrusted  with  their 
deaigEu  In  the  past,  and  even  largely  at  the  present  time,  this 
matter  has  been  often  carelessly  dismissed  with  some  very 
general  clause  in  the  specifications,  calling  for  the  covering  of  the 
metal  work  with  one  or  two  coats  of  paint  of  questionable  value. 
Such  a  specification  may  be  regarded  as  one  which  cares  little 
for  the  maintenance  of  the  original  strength  of  a  structure  after 
it  is  erected.  The  effects  of  the  various  building  materials  used, 
upon  the  iron  or  steel  members,  are  seldom  given  serious  thought. 
A  very  large  part  of  the  tonnage  of  steel  used  in  buildings  of  all 
classes  is  designed  without  the  services  of  an  engineer,  and  it  is 
to  be  feared  that  the  average  architect  does  not  appreciate  the 
full  importance  of  adequate  protection  against  deterioration  from 
corrosion  and  kindred  detrimental  influences. 

Relation  of  Corrosion  and  Flreprooflng.  —  In  Chapter  VII 
the  fire-resisting  quaUties  of  the  materials  ordinarily  used  in 
fire-resisting  construction  have  been  discussed.  Stone,  brick, 
concrete,  terra-cotta,  plasters,  etc.,  have  been  considered  as 
regards  their  fire-resisting  properties  only,  but  the  actions  of 
these  various  protective  coverings  upon  the  embedded  steel 
work,  whatever  its  form  or  function,  must  not  be  overlooked. 
Perfect  fireproofing  requires  the  complete  protection  of  all 
271 
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structural  metal  work.  For  this  purpose  many  materials  and 
methods  are  employed.  Several  distinct  grades  of  terra-cotta 
are  in  general  use,  each  having  its  good  or  bad  points  from  the 
standpoint  of  corrosion,  while  various  kinds  of  stones  and  bricks 
also  differ  greatly  in  their  effectiveness  as  protective  coverings. 
Concrete  is  made  in  many  different  mixtures,  and  other  patented 
or  special  products  are  constantly  being  advocated  as  superior 
articles. 

Hence,  in  selecting  materials  for  fireproofing  purposes,  their 
influence  and  action  upon  the  life  of  the  steel  frame  or  other 
metal  work  employed  must  be  given  due  consideration. 

Causes  of  Deterioration.  —  All  metals  suffer  a  diminution 
of  strength,  however  slight  or  slow  in  action,  almost  from  the 
beginning. of  service.  Any  attempt  to  prevent  such  deterio- 
ration, without  a  true  understanding  of  the  cause,  can  only  by 
accident  be  effective. 

The  usual  causes  of  deterioration  in  iron  or  steel  as  employed 
in  fire-resisting  buildings,  are  moisture,  deleterious  chemical 
action,  electrolysis  and  vibrations.  The  deteriorating  ten- 
dencies of  vibration  and  electrolysis  are  matters  for  the  con- 
sideration of  the  architect  or  engineer  entirely  apart  from  the 
question  of  fire  resistance.  Moisture,  in  its  actions  upon  the 
materials  employed,  and  chemical  actions  which  may  arise  from 
the  use  of  certain  materials,  will  alone  here  be  considered  as 
having  any  connection  with  the  fireproofing  of  buildings. 

These  deteriorating  influences  may  arise  from  the  following 
causes: 

Careless  workmanship. 

Imperfect  construction  of  protective  coverings. 

Permeability  of  the  materials  used. 

Chemical  action  of  the  materials  used. 

Leakage  or  radiation  from  piping,  etc. 

Careless  and  Imperfect  Fireproofing  has  to  do  with  the 
methods,  rather  than  with  the  materials  employed.  The  best 
of  materials  may  be  used,  but  faulty  design  or  construction,  or 
carelessness  in  setting,  may  render  useless  the  care  bestowed 
upK)n  the  selection  of  the  protective  media.  Poor  protection  is 
often  worse  than  no  protection,  in  that  it  covers  up  its  own 
defects  and  allows  the  slowly  but  surely  resulting  deterioration. 

Among  the  more  common  forms  of  imperfect  fireproofing  may 
be  mentioned  inadequate  thickness,  carelessness  in  pointing  up 
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all  joints,  holes  left  in  the  fireprc»ofing  for  the  passage  of  pipes, 
wires,  tubes^  etc.,  and  the  cxposun^  from  any  eause,  of  a  portion 
or  portions  of  the  steel  frame.  These  points  will  be  considered 
in  later  chapters,  but  their  importance  is  to  be  emphasized  iia 
influencing  the  ultimjite  life  of  the  structure  as  well  as  its  fire- 
refiii^t^ince. 

Cast-  and  Wrought -Iron  and  8teeU  —  Provided  ordinary 
precautions  are  taken,  experience  tiecnis  to  show  that  the  corrosi- 
bility  of  cast-  or  wrought-iron  or  steel  may  be  taken  as  practi- 
cally the  same. 

The  ratio  of  the  exposed  surface  to  the  sectional  area  largely 
determines  the  amount  of  the  coixosian.  In  iliis  respect,  the 
usual  compact  forma  employed  for  cast-iron  columns  are  superior 
to  the  built-up  forms  of  steel  shapes  with  their  many  jointB  and 
pieces  and  connecting  rivets.  But  in  spite  of  the  advantages 
of  cast-iron  a»s  regards  reduced  area  suliject  to  exposure  and 
unbroken  surfaces^  steel  pn^enta  undoubted  superiority  in 
points  of  strength  and  homogeneity  of  composition^  and  proper 
care  exhiliited  in  the  design  and  workmanship  will  largely  reduce 
corrosive  tendencies.  Practical  and  constructive  considerations 
also  tend  to  make  steel  the  more  desirable  material,  especially 
in  high  bnildings  where  stiffness,  lateral  stability  and  reliability 
become  most  important  elements. 

To  present  a  minimum  area  to  corrosive  influences,  columns, 
either  cavSt  or  steely  should  be  designed  in  as  compact  a  form  aa 
possible.  The  practice  of  using  very  thin  columns  in  the  ex- 
terior walls,  in  the  form  of  a  f)laU^  girder  set  up  on  endj  as  has 
been  done  in  some  instances,  should  be  avoided.  8uch  disposi- 
tion of  the  material  presents  the  greatest  iwssible  surface  to 
exposure. 

Condition  of  Iron  and  St1^el  Found  In  Torn-down  Bulld- 
lngs<  — -  At  the  time  of  the  earlier  devek)pinoiit  of  fire-resisting 
building  construction  in  the  United  States,  especially  during 
the -growth  of  sttt4  skeleton  methods,  much  doubt  was  expressed 
as  to  the  ultimate  life  of  such  structures.  Even  their  safety 
for  a  brief  terra  of  years  wiis  seriously  quefstioned.  To-day, 
however,  ample  testimony  exists  sis  to  tlie  behavior  of  protected 
steel  structures  after  varying  periods  of  years* 

Bank  of  fA«  Slats  of  New  York.  —  The  building  known  as  the 
Bank  of  the  State  of  New  York,  buUt  in  New  York  City  in  1855 
or  1856,  was  demolished  in  1903.     The  condition  of  the  ctvida 
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but  effective  wrought-iron  construction  employed,  after  forty- 
eight  years  of  service,  was  as  follows: 

All  of  the  iron  work  appears  to  have  had  two  coats  of  me- 
tallic paint,  probably  iron  oxide.  The  condition  of  this  paint 
covering,  and  of  the  ironwork  in  general,  at  the  time  of  tak- 
ing down  the  building,  was  excellent.  Rust,  where  it  was  to 
be  found  at  all,  was  only  incidental,  in  small  patches  here  and 
there;  but  entire  girders  could  be  found  with  practically  no 
spots  of  rust  whatever.  It  is  to  be  noted  that  both  girders  and 
beams  (joists)  were  surrounded  by  an  air-space,  and  the  lower 
side  of  the  trough-plate  flooring  also  faced  this  air-space.  The 
beams,  with  their  thinner  metal  and  poorer  painting  (in  some 
cases,  at  least),  showed  more  rust  than  the  girders.  The  latter 
were  practically  unaffected.  As  good  an  illustration  of  this 
as  we  could  givfe  is  afforded  by  the  photograph  of  some  of  the 
girders  in  the  first  floor.  Toward  the  right  may  be  seen  the 
buildera'  name,  *' J.  B.  &  W.  W.  Cornell,  143  Centre  St.,"  painted 
in  white  on  the  brown  oxide  paint  of  the  girders.* 

Mutiud  Life  Building,  San  Francisco.  —  The  following  deduc- 
*  tions  were  given  by  Mr.  Frank  B.  Gilbrethf  from  his  experience 
in  the  removal  and  rebuilding  of  the  upper  six  stories  of  the 
Mutual  Life  Insurance  Company's  Building,  damaged  by  the 
San  Francisco  fire.  This  building  was  erected  in  1893  and 
restored  in  1906. 

1.  A  steel  frame,  properly  painted  and  buried  in  masonry, 
will  not  rust  enough  in  thirteen  years  to  affect  its  strength  any 
measurable  amount. 

2.  The  better  the  steel  is  coated  with  mortar  the  less  it 
will  rust. 

3.  Portland  cement  is  better  than  lime  mortar  for  imbed- 
ding steel  to  prevent  it  from  rusting. 

4.  Unpamted  iron  rods  buried  in  mortar  cofnposed  of  lime 
and  a  large  proportion  of  Portland  cement  rust  very  little,  cer- 
tainly not  enough  to  impair  their  strength. 

5.  Columns  should  be  of  such  cross-section  that  they  can 
be  thoroughly  imbedded  in  Portland  cement,  avoiding  a  hollow 
column  unless  filled  with  very  soft  concrete. 

6.  Wherever  possible,  preference  should  be  giveh  to  those 
shapes  of  steel  that  present  the  least  surface  to  the  action  of 
rust. 

7.  If  steel  is  not  thoroughly  cleaned  from  rust  before  it  is 
painted,  the  paint  will  not  greatly  retard  the  progress  of  the 
rust. 

♦  See  "Early  Iron  Building  Construction,"  Engineering  Newst  September 
10,  1903. 
/  See  Bnffineering  New8t  January  31,  1907. 
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S.  It  is  nnu'h  mmer  txi  govpt  stool  thorotjghly  with  {con- 
crete tfian  with  }»rii*k  nuisonry.  If  lirick  ma:^unry  is  to  be  uaeri 
the  bricklayer  sliould  thoroughly  plaster  the  steel  work  ah  cat! 
of  the  brickwork. 

9.  Theqiifdily  of  the  paint  usfHl,  though  important,  is  not 
BO  important  as  surrountiing  every  part  of  the  «teel  with  Port- 
land cement. 

10.  Interior  columns  do  not  nist  as  much  as  exterior  col- 
umns* 

11.  Cinder  eon<trete  doc^i  not  iiijunv  to  tlic  sliglitest.  degree, 
a  steel  floor  heani  tliat  has  been  painted. 

GiUender  Building.  —  The  twenty-story  Gillonder  Building 
at  the  corner  of  Nassau  and  Wall  streeld,  New  York  City,  was 
the  first  very  high  office  building  to  tje  erected  in  that  city  (LStKi), 
During  the  summer  of  1910  thi.n  Htrnettire  wii??  demolished,  and 
a  critical  examination  of  the  steel  work,  etc,,  by  Mr.  Maximihati 
Toch  (Lecturer  on  Paint,  Concrete  and  Corrosion,  College  of 
the  City  of  New  York)  led  to  the  following  observatione:* 

The  Steel  Well  Preserved.  —  Most  importrint  of  the  facta 
learned  is  that  the  steel,  per  .«re,  18  in  a  nimirkably  goad  slate  of 
preservation.  There  may  have  been  a  number  of  rivets  which 
were  largely  corroded,  nut  I  wua  able  to  find  only  two  that 
showed  anything  like  progressive  oxidation. 

The  Paint  Dei^trof/(d,  — The  specifications  for  tlie  painting  of 
the  steel,  which  1  obtained  from  Mr.  Charles  I.  Berg,  called 
for  two  coats  of  metallic  paint  in  pure  linseed  oiL  A  very  pecu- 
liar condition  has  occurred  in  tJiiis  building,  which,  however,  is 
by  aU  me^ns  to  be  expected,  for,  tis  1  have  pointed  out  many 
times  before,  linseed  oil  is  totally  unfit  for  tfie  pn*iervation  at 
steel  which  comes  in  contact  with  cement  mortar  or  any  alka- 
line building  material.  In  the  Cillender  Building  there  is  not  a 
vestige  of  piiint  on  the  steel,  and  in  order  to  dcttrnnne  that 
oxide  of  iron,  or  metallic  brown ^  wa^  used  in  conjunction  wi tli 
linseed  oil,  I  had  to  make  several  microscopic  invL^tigatioui*  of 
pieces  of  mortar  which  had  destroyed  the  oil  but  had  not  de- 
stroyed the  pigment. 

Steel  Pre^served  by  Cement.  —  The  main  feature  of  the  pres- 
ervation of  the  steel  was  the  fact  that  the  columns  were  enc4i«ied 
in  brick  and  a  rich  mortar  or  grout  came  in  contact  with  the 
steel  C^vhich  also  accounts  for  tfie  complete  destruction  of  the 
linseed  oil),  WTxerever  there  was  insufficient  contact  between 
liie grout  and  the  steel,  rust  formed;  but  in  view  of  the  fact  that 
the  construction  of  the  building  wa«  su(»h  that  moisture  was 
r  largely  cxclude<l,  we  have  only  two  or  three  instances  where 
[  rust  pitting  took  place. 

*  See  **Tlie  Cboditioii  of  the  Steel  of  the  Giltecder  Buildinig;  A  PretimiDary 
Report"    Snginemino  .Vew«.  July  J  I,  19101 
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These  few  instances  are  mainly  accounted  for  by  the  quite 
peculiar  fact  that  the^  columns  which  formed  the  southeast 
comer,  at  the  intersection  of  Wall  and  Nassau  streets,  were 
much  more  rusty  than  the  steel  in  any  other  place.  Tnis  en- 
tire comer  indicated  that  moisture  had  come  through  the  walls. 
On  this  comer,  wherever  there  was  no  close  contact  between 
the  grout  and  the. steel,  progressive  oxidation  took  place.  The 
next  important  rusting  point  of  any  considerable  size  was  at 
the  last  tier  of  beams  and  the  last  columns,  at  the  north  end  of 
the  Nassau  street  side. 

In  1896,  when  this  building  was  being  erected,  damp  re- 
sisting paints  were  in  existence  but  were  not  favorably  known 
to  either  architects  or  builders,  so  that  their  use  had  not  become 
as  general  as  at  the  present  day.  There  is  no  doubt  that  back- 
ing the  stone  would  have  kept  out  sufficient  moisture  to  prevent 
some  of  the  rust  which  the  steel  of  the  Gillender  Building  shows. 

Condition  of  Mortar.  —  It  is  of  further  interest  ^to  note  that 
the  cement  mortar,  which  was  used  for  binding  the  bricks 
and  filhng  in,  still  shows  a  remarkable  condition.  We  have  all 
been  taught  that  Ume  in  a  free  state  carbonates  on  the  surface 
and  forms  a  siUcate  on  the  interior,  and  there  is  quite  some 
evidence  to  prove  this  condition.  But  the  formation  of  a  siU- 
cate of  lime  can  evidently  take  place  only  in  atomic  ratio,  for 
which  reason  I  have  always  held  that  in  the  setting  of  cement, 
calcium  hydroxide  is  set  free  and  can  not  combine  with  anything 
else.  This  has  again  been  home  out  by  the  various  samples  of 
cement  mortar  which  I  have  taken  out  of  the  interior  of  the 
Gillender  Building,  all  of  which  showed  a  rapid  indication  with 
phenolphthalein,  which  proves  conclusively  that  free  lime  was 
present.  .  .  . 

The  one  great  lesson  to  be  learned  from  the  examination 
of  this  steel  is  the  fact  that  those  architects  who  prescribe  a 
cement  mortar  one  inch  thick  around  a  column  of  steel  are  very 
wise  in  their  precautions;  but  linseed-oil  paint  should  not  be 
used  when  such  a  provision  is  made.  There  are  alkali-proof 
paints  which  at  the  same  time  electrically  insulate  and  serve  a 
better  purpose  than  the  linseed-oil  paints. 

Baltimore  ^* News' ^  Building. — The  condition  of  metal  rein- 
forcement after  being  embedded  for  seven  years  in  a  reinforced 
concrete  stmcture,  was  strikingly  exemplified  in  the  tearing  down 
of  the  Baltimore  ''News"  Building  in  the  early  part  of  1911. 
This  building  was  erected  soon  after  the  Baltimore  fire  in  1904. 
The  concrete  was  a  1:2:4  crushed  granite  mixture,  and  the 
condition  of  the  reinforcing  steel  was  found,  upon  demolition  of 
the  building  to  make  way  for  a  larger  structure,  to  be  as  follows: 

In  all  but  a  very  few  instances  the  steel  is  in  perfect  con- 
dition, as  fresh  and  as  bright  as  it  was  the  day  it  was  put  in. 
The  reinforcing  rods  are  black  and  smooth  and  show  no  signs  of 
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^at  or  other  jitturk,  atnl  llio  l-l>eams  in  the  grillage?*  still  rarry 
for  the  mcpst  pitrt  the  eo.it  ings  of  protectivt*  paint.  The  ox- 
CHptions  to  thiH  general  rule  jtro  to  bo  found  in  a  few  grillage 
beams  wherir  iho  protet.^tiv^e  covering  of  contTete  was  only  ahout 

tooe-half  inrh  anti  on  some  Moor-  and  rcjof-slab  rodts  which  were 
expoKtjd  to  water. 
Th(>  grillageH  are  well  under  the  ground-water  level.  They 
wen?  protet'ted  only  fiy  the  fonerete  eovering  and  thfit^  in  many 
places,  wan  decidedly  thiu.  In  f  hcse  tfiui  plaees  the  water  pene- 
trated to  the  steel  nnd  despite  the  paint  covering  nianagetl  to 
pit  it  with  the  rust.  In  no  ciise  inj  tluy  rust  extensive,  but  it  ia 
none  the  less  readily  apparent . 

The  roof,  a  three-ineh  reiufortied-eonerete  slab,  was  covered 
with  an  orrhnary  slag  roofing.  In  some  places  the  conereto 
appeared  none  too  dense  m\d  at  such  plaensi  some  of  the  roda 
were  slightly  pitte<l  with  rust.  It  would  aeeni  that  the  roofing 
had  leaked  and  the  water  whieli  had  pas.sod  tlmiugh  found  Bame 
weak  places  in  tlie  concrete,  tli rough  which  it  paswsed  to  the 
ateel.  Similar  leakage  occurr&i  in  eonie  of  the  lifior.s  where 
shower  batha  were  in  constant  use,  and  wlau'e  the  l:mth  drain 
flwjr  was  not  sufficienlly  separated  from  the  concrete  floor  slab. 
In  none  of  tliese  phtw  had  the  rast  goiH3  l>eyond  the  pitting 
Btage  BO  that  pos^ilile  damagt^  to  concrete  from  the  swelling  of 
a  rusting  md  cannot  be  ofiser^^ed  ou  thia  building-  These 
mst<*ii  rods  were  not  to  be  seen  when  the  representative  of  Ew 
gijieering  News  was  on  the  building  and  all  that  is  here  stated 
about  them  ia  on  the  authority  of  the  syperintcndent  for  the 
contractors.     At  any  event,  the  rusted  rods  are  a  very  small 

^   percentage  of  those  observetl,  and  were  in  all  cases  in  slab  rods; 
the  general  condition  of  the  steel  is  perfect.* 
Palntlog  of  IrOQ  or  SteeL — The  architect  and  the  en- 
gineer are  constantly  clamoring  for  pn>t-ection  ff>r  the  enormous 
structural  work  unJer  their  su|>ervision.     More  attention  than 
ever  is  lielng  pairl  to  recent  investigationa  on  the  subjects  of 
paints,   and  bc^tter  materials  for  painting  purposes  are  being 
infiist^?d  on*     It  is  fair  to  brhevc  that  tijoae  in  charge  of  engineer- 
ing work  will  demand  in  the  future  vital  improvements  in  steel 
prt)t<jcting    eompGunda,    bavscd    on    modern    knowledge    of    tlie 
profdem.     As   has    been    previously   pointed   out,    the  day   of 
empiriirism  in  the  seiection  of  protective  coatings  hsis  passed, 
'       and  the  subject  must  now  be  considered  from  the  atantl point 
of  scientific   investigation   based    upon   a  satisfactory   working 
theory*     The  treatment  of  steel  surfacas  by  the  metallurgist, 
either  by  physical  or  chemical  means,  may  soon  be  developed 
to  such  an  extent  that  rnetal  will  be  made  almost  non-corrod- 
^ftihle,  but  until  such  a  day  comes  then:^  will  be  an  immense  de- 
^P&iand  for  prot<'ctivo  coatings  that  will  protect,  and  Ujo  much 
'      attention  and  study  cannot  be  given  lo  the  subject.")" 

♦  Engineering  Ntum,  April  fi»  WW. 

t  "The   Corm.Rkm  antJ   PrpHcrvatioiii  of  Iron  and  Steel/*  by  Allerton  S. 
Ciuhmaa  and  HeDJ-y  A,  Gfirduer,  pa^e  I7ti* 
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The  protection  of  iron  or  steel  in  buildings  will  be  brieflj 
considered  tinder  a  discussion  of  the  following  treatment  of  the 
metal:   Cleaning,  oiling,  painting,  and  protective  coatings. 

Cleaning.  —  All  authorities  agree  that  the  first  requirement 
in  the  protection  of  iron  or  steel  is  the  careful  removal  of  all 
mill  scale,  dirt,  grease  or  rust.  This  initial  condition  is  the  most 
diflScult  to  obtain  of  all  the  requirements  for  efficient  protection, 
as  with  present  mill-  and  shop-methods,  the  cleaning  off  of  scale 
and  the  protection  of  the  material  from  dirt  and  moisture  before 
an  acceptable  piriming  coat  is  applied,  are  almost  impossible  to 
accomplish  thoroughly.  The  practice  of  storing  structural  steel 
in  the  open  for  varying  periods  of  time,  both  at  the  mill  and  at 
the  fabricating  shop,  as  well  as  in  transit  when  mill  and  shop  are 
at  different  locations,  makes  it  well-nigh  impossible  to  obtain 
perfectly  bright  and  clean  material  for  painting.  Even  the 
average  inspection  of  painting  is  more  or  less  superficial,  and 
more  attention  is  generally  paid  to  the  uniform  coloring  of  the 
surface  than  to  the  condition  of  the  surface  itself.  Painting 
specifications  should  require,  and  inspection  should  demand, 
that  all  structural  steel  should  be  free  from  scale,  rust  and  dirt 
before  the  priming  coat  is  applied. 

Oiling.  —  A  shop  or  priming  coat  of  raw  or  boiled  linseed 
oil,  has,  in  past  years,  largely  been  specified  for  structural  steel 
work  before  shipment.  Boiled  oil  has  usually  been  preferred 
to  the  raw,  as  the  latter  does  not  dry  quickly,  but  remains 
sticky  for  a  considerable  time,  thus  gathering  dirt  and  cinders 
in  transportation.  Boiled  oil  has  generally  been  considered 
thoroughly  efficient  as  a  priming  coat,  and  has  been  popular 
because  it  forms  a  transparent  protective  covering,  thus  leaving 
viable  defects  which  might  have  escaped  detection  at  the  shop. 
But  recent  investigations  have  shown  that  linseed  oil  is  not 
suitable  for  use  as  a  priming  coat,  nor,  under  certain  conditions, 
as  a  vehicle  for  pigments  in  finishing  coats. 

The  use  of  linseed  oil  as  a  shop  coating  is  not  good  prac- 
tice and  has  probably  been  the  cause  of  much  damage.  Re- 
painting over  such  a  coating,  with  good  results,  is  almost  an 
impossibility.  When  a  linseed  oil  film  on  iron  is  abraded  at 
any  point  on  the  surface,  corrosion  will  proceed  rapidly.* 

Painting.  —  Up  to  very  recent  years,  past  practice  in  con- 
nection with  the  painting  of  steel  work  for  buildings  has  been 

*  Ibid. 
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to  the  use  oi  oil  paints,  such  as  oxide  of  iron,  lead  or 
itintr  pjgmenta,  ground  and  mixed  with  linseed  oil  or  some  sub- 
flfcituto  thiuefcNry  and  coal-tar,  or  asphalt,  or  mixtures  in  which 
■phalt  18  the  principal  ingredient.  Competent  and  disinterested 
MthoritieB  have  differed  widely  in  their  estimates  as  to  the  value 
of  theoe  coatings.  While  many  have  recommended  oxide  of 
ioa  paint,  otheni,  equally  qualified  to  advise,  have  advocated 
tin  nae  of  red  lead,  graphite  or  carbon  paints. 

It  IB  only  during  the  past  few  yeais,  however,  that  any  scientific 
ittveatigations  have  been  made  concerning  the  differentiation  of 
nqoirementa  in  the  painting  or  protection  of  structural  steel 
for  buildings  and  for  other  engmeering  structures.  Bridges, 
naducte  and  other  unprotected  structures,  including  steel 
bdldingB  such  as  mills  or  shops  where  the  steel  frameworks  are 
uaniiTounded  by  masonry,  are  one  proposition,  in  which  the 
inhibitive  qualities  only  of  the  painting  or  protective  coatings 
need  be  considered;  but  in  fire-resisting  buildings,  where  struc- 
tural steel  in  the  form  of  columns,  girders,  beams,  etc.,  is  to  be 
surrounded  by  an  envelope  of  fire-resisting  masonry  or  other 
iniffi^*^*'-^"g  coverings,  the  action  of  such  envelopes  upon  the  steel 
and  its  protective  coatings  must  be  considered.  This  applies 
particularly  to  the  action  of  cement  or  cement  mortar  upon 
the  paints  generally  used. 

ProtectlTe  Qualities  of  Cement.  —  The  preservative  quali- 
ties of  cement  mortar  surrounding  structural  steel  wore  well 
attested  in  the  account,  previously  given,  of  the  demolition  of 
the  Gillender  Building.  Much  other  testimony  of  a  similar 
nature  is  available.     See  also  later  paragraph  ''Concrete." 

Mr.  J.  Newman,  in  his  "Metallic  Structures:  Corrosion  and 
Fouling  and  their  Prevention"  states  that 

Iron  embedded  in  properly  made  and  mixed  water-  and 
air-tight  Portland  cement  concrete  has  not  yet  been  shown  to 
rust,  and  the  preservative  effects  of  such  concrete  may  be  con- 
sidered to  be  established,  provided  the  surface  of  the  metal 
was  clean  and  dry  when  the  Portland  concrete  coating  was  ap- 
phed,  and  free  from  corrosion;  and  as  the  expansion  of  cement 
and  iron  by  heat  are  nearly  the  same,  there  is  no  struggle 
between  the  substances  to  cause  cracks,  fissures,  scaling  or  dis- 
integration. 

The  iron  or  steel  should  be  completely  surrounded  by  Port- 
land cement  concrete  of  an  impermeable  character.  For  this 
purpose,  as  the  impermeability  and  not  the  strength  of  the  con- 
crete is  particularly  required,  a  3  of  fine,  dry,  clean  sand,  to 
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1  of  Portland  cement,  or  a  2  to  1  mixture,  can  be  adopted,  a 
poorer  concrete  not  being  suitable. 

The  thorough  covering  with  mortar  of  all  possible  portions  of 
the  steel  frame  is  particularly  emphasized  in  the  practice  of 
Messrs.  Holabird  &  Roche,  Architects.  In  their  experience 
with  fireproofing,  they  have  found  that  wherever  the  terra-cotta 
shapes,  etc.,  are  so  arranged  as  to  cover  the  entire  surfaces  of  the 
beams,  girders,  columns,  etc.,  with  the  cement  mortar  in  which 
the  masonry  or  fireproofing  is  set,  practically  no  oxidation  takes 
place,  and  that  such  beams,  girders  and  columns  are  in  perfect 
condition  after  twelve  to  fifteen  years.  On  the  other  hand, 
girders,  beams  and  columns  that  are  simply  protected,  without 
having  the  mortar  in  contact  with  the  steel,  have  frequently 
been  found  seriously  oxidized. 

These  well-attested  protective  qualities  of  cement  mortar  have, 
therefore,  led  some  architects  and  engineers  to  specify  a  one- 
inch  coating  of  1  :  1  cement  mortar  to  be  applied  to  all  surfaces 
of  the  structural  steel  members,  but  this  practice  is  expensive 
and  difficult  of  fulfillment,  as  well  as  questionable,  to  say  the 
least,  from  a  chemical  standpoint  under  certain  conditions. 
Regarding  the  latter  phase,  Mr.  Maximilian  Tdch,  whose  report 
on  the  Gillender  Building  has  been  previously  quoted,  stated 
as  follows  in  a  paper  on  the  "Protection  of  Steel  against 
Corrosion:"* 

It  is  not  my  purpose  to  speak  either  for  or  against  any 
particular  paint,  and  while  I  personally  do  not  believe  in  lamp- 
black, carbon-black  or  graphite  paint  as  a  priming  coat  because 
these  paints  have  withstood  the  ravages  of  the  elements  as 
finishing  paints,  I  am  positive,  from  my  past  experience,  and 
from  pieces  of  steel  which  I  have  seen  uncovered,  f  that  mate- 
rials of  this  character,  when  mixed  with  linseed  oil,  form  practi- 
cally no  protection  for  steel  which  is  to  be  surrounded  by  alka- 
line and  wet  masonrjr  of  any  kind.  Some  engineers  have  even 
gone  so  far  as  to  require  an  inch  coating  of  cement  mortar,  com- 
posed of  one  part  of  cement  and  one  part  of  sand,  before  either 
the  fireproofing  or  masonry  is  applied  to  building  steel,  but  this 
practice  —  good  as  it  is  theoretically  —  fails  very  frequently 
when  the  priming  coat  is  a  saponifiable  paint  composed  of 
linseed  oil,  it  being  a  medium  which  is  easily  attacked  by  water 
or  the  alkali  of  concrete. 

*  Read  before  the  New  York  Section  Electro-chemical  Society,  April  2, 
1909. 

/  Compare  with  experience  in  Gillender  Building,  page  275. 
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n  ^u  take  the  case  of  a  beam  which  is  placed  in  a  12- 
mth  thiok  wall,  and  which  is  coated  with  a  linseed  oil  paint, 
and  then  oovered  with  an  inch  of  cement  mortar,  a  driving  rain 
vill  go  tlirougji  such  a  wall  and  carry  with  it  sufficient  solvent 
ntts  to  disintegrate  the  paint  and  leave  a  space  between  the 
ited  and  the  concrete,  and  once  corrosion  starts  in  a  place  of 
tfaiB  kind^  we  have  onlv  to  refer  to  the  excellent  work  done  bv 
Dr.  WmtJiey  (Journal  American  Society,  Volume  4,  April, 
1908)9  ^v^ch  shows  us  beyond  a  question  that  corrosion  can  be 
progroBpive  under  such  conditions,  without  the  intervention  of 
tddmonal  gas  or  moisture. 

Fmteetiv^  Coatings*  —  In  order,  therefore,  to  utilize  the 
protective  qualities  of  cement,  and,  at  the  same  time,  to  over- 
eome  its  ddeterious  action  upon  the  generally  used  linseed  oil 
paints,  a  cement  protective  coating  called  '^Tockolith"  has  been 
patented,  and  is  now  finding  wide  use  instead  of  ordinary  paint 
in  the  better  class  of  structures.  This  is  a  thick,  black  liquid, 
eomposed  of  cement  and  a  binder  which  sets  very  slowly.  Wlien 
the  binder  has  finally  disintegrated,  an  exceedingly  hard  cement 
ooating  remains  on  the  steel,  forming  an  efficient  protection 
against  corrosion.  It  is  applied  much  like  any  ordinary  paint, 
but  should  not  be  used  on  damp  surfaces,  nor  in  wet  or  freezing 
weather.  Within  24  to  48  houis  it  becomes  hard  enough  to 
withstand  rough  handling  in  transportation.  The  manu- 
facturers claim  that  it  can  be  applied  over  incipient  rust  without 
depreciating  its  protective  qualities.  This  cement  paint  has 
b^n  used  as  a  priming  coat  on  the  steel  work  of  the  Metro- 
politan and  Singer  Buildings  and  towers,  the  new  Pennsylvania 
Railroad  Terminal,  the  new  Public  Library  building,  all  in  New 
York  City,  and  on  many  other  prominent  structures  in  various 
localities.  A  finishing  coat  of  damp-resisting  paint  is  applied 
over  the  cement  primer. 

Protection  of  Column  Interiors.  —  The  design  of  iron  or 
steel  columns,  with  respect  to  their  protection  against  corrosion, 
depends  entirely  upon  whether  the  columns  are  to  be  exposed, 
as  in  a  bridge  or  viaduct,  or  protected,  as  in  a  fire-resisting  build- 
ing. If  the  former,  the  section  or  form  of  the  column  should 
preferably  be  open,  so  that  the  interior  may  always  be  accessible 
for  painting.  If  the  latter,  a  closed  form  is  preferable,  in  order 
that  the  entire  exterior  surface  may  be  covered  by  means  of  a 
cement  coating,  or  by  the  mortar,  as  has  been  pointed  out.  If 
a  latticed  section  is  used  in  building  construction,  it  will  be 
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found  practically  impossible  to  cover  thoroughly  all  portions  of 
the  metal  work  with  either  cement  or  mortar. 

Present  approved  practice  in  the  design  of  steel  columns  of 
any  considerable  sectional  area  generally  calls  for  a  closed  or 
"box"  form,  usually  made  up  of  plates  and  angles.  *  Such 
columns  present  fairly  uniform  flat  surfaces  on  the  exterior, 
which  may  be  readily  protected,  as  before  described;  but  the 
protection  of  the  interior  still  remains  to  be  cared  for.  As  a 
usual  practice,  column  interiors  have  not  been  protected,  save 
by  the  one  (or  rarely  two)  coats  of  paint  applied  in  the  shop  at 
time  of  fabrication;  but  careful,  permanent  work,  especially 
when  involving  columns  carrying  heavy  loads,  demands  pro- 
tection in  this  regard. 

This  may  be  accomplished  either  by  filling  the  column  with 
cement  grout  or  cement  concrete,  as  has  been  done  in  many 
cases  (see  also  paragraph  "Concrete-filled  Columns,"  Chapter 
XII),  or  by  painting  the  interiors  by  some  such  expedient  as 
was  adopted  in  the  new  Chicago  Postofl&ce. 

Many  of  the  columns  were  erected  in  wet  weather  and 
remained  exposed  even  a  whole  winter.  I  deemed  it  advisable 
to  devise  some  means  of  protecting  the  insides  of  the  columns, 
and,  spite  of  much  opposition,  specified  that  they  be  filled  with 
a  thin  grouting  of  cement.  This  was  objected  to,  and  with 
some  justice,  on  the  ground  that  so  much  water  would  have  to 
be  introduced  in  order  to  fill  the  column  through  the  necessa- 
rily small  hole  at  the  top  that  the  chemical  action  of  the  cement 
would  be  impaired  and  more  damage  done  the  column  than  it 
was  sought  to  cure.  The  contractor's  superintendent,  Mr. 
Bodwell,  had  a  happy  thought  and  suggested  that  the  columns 
be  filled  with  a  good,  heavy-bodied  asphaltic  paint  that  could 
be  drawn  off  from  the  bottom  of  each  column  and  thus  leave  a 
thorough  coating  inside.  This,  I  insisted,  should  be  done,  but 
more  opposition  ensued.  Engineers  of  high  repute  asserted 
that  there  was  no  necessity  for  anything  of  the  kind,  that  the 
columns  were  i>erfectly  dry  inside  and  good  for  all  time,  that  it 
was  a  useless  expense,  etc.,  and  I  was  very  nearly  overruled. 

But  finally  the  work  was  begun,  and  when  the  first  col- 
umn was  bored,  top  and  bottom,  a  lot  of  experts  gathered  to 
see  the  fun  and  give  me  the  laugh,  but  the  tables  were  turned, 
for  from  that  very  first  column  five  bucketsful  of  water  were 
taken ! 

Most  of  these  columns  are  thirty  feet  or  more  in  length, 
extending  through  two  stories  of  the  building  and  *  breaking 
joints.'  The  paint  was  poured  in  Yrom  an  inch  hole  (a  rivet 
hole)  at  the  top,  and  drawn  off  from  the  bottom.  Some  fifteen 
pounds'  pressure  drove  this  paint  into  every  crevice  and  chink, 
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and  about  six  gallons  per  column  was  the  quantity  of  paint  that 
'stuck.'  The  noles  were  riveted  up  and  the  insides  of  those 
eolumnB  are  now  absolutely  hermetically  sealed,  ail  moisture 
opelled,  and  coated,  so  that  we  can  be  perfectly  sure  that  that 
part  of  the  work  is  good  for  all  time.  * 

Permeability,  Porosity  and  Cliemicai  Action  of  tlie 
Haterials  Employed.  —  The  permeability  of  matter  is  that 
property  which  allows  the  passage  of  moisture.  Porosity  con- 
eems  the  absorption  of  moisture.  In  building  materials  which 
are  used  to  surround  steelwork,  it  is  desirable  to  have  the  least 
possible  permeabiUty,  in  order  that  a  minimum  of  moisture  may 
penetrate  to  the  steelwork. 

The  pemaeability,  porosity  and  chemical  action  of  the  ma- 
terials usually  employed  in  fire-resisting  construction  may  be 
discussed  under  the  following  divisions:  Mortars,  masonry, 
terra-cotta,  and  concrete. 

Mortars.  —  "The  greatest  porosity  in  cement  mortars  is 
foimd  with  the  finer  grades  of  sand,  and  the  least  for  a  mixture 
of  two  of  very  coarse  (gravelly)  sand  to  one  of  fine  sand.  The 
relative  permeabiUty  cannot  be  assumed  to  vary  with  the  poros- 
ity, since  a  given  degree  of  porosity  with  coarse  sand  produces 
a  much  more  permeable  mortar  than  the  same  degree  of  porosity 
with  fine  sand."t 

In  general,  it  may  be  stated  that  mortars  made  with  coarse 
sand  are  more  permeable  than  those  made?  with  fine  sand,  while 
mortars  made  with  fine  sand  are  more  porous  than  those  made 
with  coarse  sand. 

The  permeability  of  cement  mortar  decreases  with  the  pro- 
portion of  cement  used,  and  with  the  age  of  the  mortar.  A  good 
Portland  cement  mortar  becomes  practically  impermeal)le  a  few 
months  after  setting. 

Both  the  permeability  and  porosity  of  lime  mortars  are  greater 
than  for  cement  mortars. 

Cement  Mortar.  —  The  protection  of  iron  or  steel  when  sur- 
rounded by  cement  mortar  is  discussed  under  previous  headings, 

"Condition  of  Iron  and  Steel  found  in  Torn-down  Buildings,'' 

"Protective  Qualities  of  Cement,"  etc.,  and  in  a  later  paragraph 

"Concrete." 

Lime  Mortar.  —  The  effects  of  lime  mortar  on  iron  or  steel- 
work seem  to  be  largely  dependent  upon  the  peculiar  conditions 

♦  F.  W.  Fitzpatrick,  in  Fireproof  Magazine,  December,  1903. 
t  "The  Materials  of  Construction,"  by  J.  B.  Johnson,  page  591. 
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attending  its  use.  Many  cases  have  been  recorded  where  metal 
was  found  badly  corroded  after  being  embedded  in  lime  mortar, 
while  equally  authentic  reports  have  been  made  tending  to  show 
that  lime  mortar  is  an  excellent  conservator  of  iron. 

In  the  demolition  of  the  Pabst  Building  in  New  York  City 
it  was  found  that  "in  some  special  partitions,  where  made 
with  metallic  lathing  plastered  with  lime  mortar,  the  lath  was 
badly  rusted,  although  the  partitions  were  otherwise  in  good 
condition."* 

Patent  or  Hard  Wall  Plasters  will  generally  corrode  light  metal 
work  used  therewith,  such  as  expanded  metal  or  meth  lath, 
unless  the  latter  are  sherardized  or  galvanized. 

Masonry*  —  The  previously  given  description  of  the  steel- 
work in  the  demolished  Gillender  Building  shows  that  metal 
work  embedded  in  brickwork  or  masonry  is  not  necessarily  free 
from  air  and  moisture,  nor  is  it  proof  against  corrosion  simply 
because  it  was  coated  with  ordinary  paint  before  being  covered 
in.  All  thin  masonry  walls  are  more  or  less  permeable,  and 
weather  influences  and  vibration  will  cause  the  mortar  in  the 
joints  to  crack  and  open.  Each  new  fissure  becomes  an  added 
conduit  by  which  moisture,  air  and  other  corrosive  influences 
can  reach  the  metal.  Proper  materials,  adequate  thickness  and 
an  occasional  pointing  of  the  joints  are  all  necessary  for  the  less- 
ening of  deleterious  action.  Very  efficient  damp-resisting  paints 
are  now  made  for  use  on  interior  wall  surfaces,  etc.  ''However, 
if  ironwork  is  free  from  any  corrosion  when  placed  in  position, 
and  is  properly  cleaned  before  it  is  coated,  and  is  fixed  in  air- 
tight, damp-proof  and  water-tight  brickwork  or  masonry,  it  is 
unUkely  to  corrode  appreciably."!  This  has  been  shown  to  be 
true  by  ample  experience. 

In  brickwork,  underburnt  soft  bricks  soon  decay  in  damp 
situations.  Bricks  which  are  dense,  hard,  even  in  texture,  and 
with  a  vitrified  appearance,  will  resist  decay.  The  uniformity, 
density,  and  weathering  qualities  should  all  be  considered. 
Some  bricks  contain  a  large  percentage  of  soluble  salts.  Efflores- 
cence denotes  a  decay,  which  is  formed  by  the  decomposition  of 
the  salts  in  the  brick  or  stone. 

The  use  of  veneer  walls  in  skeleton  construction  has  often  re- 
sulted in  the  employment  of  masonry  coverings  of  very  doubtful 

*  Editorial,  Engineering  Record,  January  31,  1903. 

t  "Metallic  Structures:  Corrosion  and  Fouling,  and  their  Prevention," 
by  J.  Newman. 
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protection.  One  of  the  requisites  in  high-building  design  is  to 
secure  walls  of  less  than  usual  thickness,  on  account  of  the 
attendiuit  reduction  in  weight.  In  some  cases  the  metal  frame- 
work has  been  surrounded  by  no  more  than  four  inches  of 
brickwork.  Such  thin  coverings  are  not  adequate  as  regards 
either  fire-resistance  or  corrosion. 

Limestone  should  not  be  employed  in  contact  with  steelwork 
where  the  presence  of  moisture  is  probable  or  possible.  Mr.  L. 
L.  Buck,  Chief  Engineer  of  the  Niagara  suspension  and  arched 
bridges,  states  that  limestone  must  not  be  used  in  concrete  which 
oomes  in  contact  with  iron  or  steel,  as  the  corrosion  of  the  metal 
will  foUow  if  moisture  penetrates.  In  the  anchorage  of  the 
Niagara  suspension  bridge,  strands  of  the  main  cables  were 
embedded  in  a  concrete  made  with  limestone,  and  wherever  the 
spalls  touched  the  wires,  the  latter  were  badly  eaten  and  in  some 
eues  entirely  severed.  If  it  is  necessary  to  use  limestone,  it  is 
better  to  place  a  layer  of  pure  cement  mortar  or  an  extra  thick- 
ness of  asphalt  around  the  steelwork. 

Tem"i*€Otta.  —  The  density  of  terra-cotta  is  the  important 
factor  in  determining  its  porosity  and  absorption.  Thus  very 
hard  burned  terra-cotta  will  absorb  about  5  per  cent,  of  its  weight 
when  immersed  in  water.  Merchantable  hard  burned  terra- 
cotta absorbs  about  13  to  15  per  cent,  when  similarly  treated. 
Very  porous  soft  terra-cotta  absorbs  from  30  to  40  per  cent.,  and 
merchantable  terra-cotta  about  25  to  30  per  cent.  But,  while 
the  hard  stock  absorbs  about  13  per  cent.,  and  the  porous  stock 
about  25  per  cent.,  the  hard  stock  will  require  about  twice  as 
much  heat,  or  the  same  amoimt  of  heat  and  twice  as  much  time, 
to  permit  the  evaporation  of  the  lesser  amount  of  absorbed 
moisture. 

This  is  accounted  for  by  the  fact  that  in  hard  burned  terra- 
cotta the  air  channels  are  smaller,  and  as  the  material  is  of  a 
laminated  nature,  the  cells  in  the  blocks  run  lengthwise,  and  heat 
cannot  easily  penetrate  the  surface.  Also,  the  heat,  in  com- 
ing in  contact  with  the  hard  smooth  surface,  is  reflected,  and 
the  interior  of  the  block  is  not  affected  as  readily  or  as  much 
as  is  the  case  in  a  more  porous  material.  In  porous  terra-cotta, 
reverse  conditions  are  found.  The  material  is  of  a  granular 
nature,  instead  of  laminated;  the  air  channels  extend  in  from  the 
surface,  and  the  surface,  being  neither  hard  nor  smooth,  tends 
rather  to  absorb  heat  than  to  reflect  it. 
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But,  aside  from  the  absorption  of  the  material  after  being 
placed,  it  is  to  be  remembered  that  a  considerable  quantity  of 
water  is  used  in  the  setting,  and,  although  the  cement  mortar 
will  use  a  portion  in  crystallization,  a  surplus  remains,  and  largely 
upon  the  inner  or  cooler  side.  The  hard  stock  will  neither 
absorb  it  nor  permit  evaporation.  With  porous  stock,  the 
moisture  is  Soon  removed. 

Summarizing  the  foregoing,  it  is  seen  that  a  very  porous 
material  is  much  to  be  preferred  as  an  insulation  against  damp- 
ness, and  this,  independent  of  the  superior  fire-  and  water-resist- 
ing qualities  which  this  material  possesses. 

The  employment  of  terra-cotta  casings  around  the  columns 
placed  in  the  exterior  walls,  between  the  metal  and  the  masonry, 
as  now  called  for  in  the  best  examples  of  work,  will  undoubtedly 
add  to  the  life  of  the  columns. 

Concrete.  —  It  has  been  shown  that  no  more  effective  manner 
of  protecting  steelwork  is  known  than  by  embedding  in  proper 
cement  mortar,  and  the  same  may  be  said  of  concrete  within 
certain  unfixed  limitations. 

The  previously  quoted  extract  from  Mr.  Newman's  work 
on  corrosion,  while  applying  particularly  to  cement  mortar,  is 
equally  applicable  to  concrete.  Indeed,  in  the  quotation  re- 
ferred to,  that  author  seems  to  use  the  words  mortar  and  concrete 
synonymously. 

Prof.  Charles  L.  Norton  draws  practically  the  same  conclu- 
sions from  extensive  experiments  concerning  the  protection  of 
steel  from  corrosion,*  viz.j  that  steel  embedded  in  neat  cement 
is  unaffected,  as  is  also  steel  embedded  in  a  dense  Portland  cement 
concrete,  provided  the  latter  is  mixed  wet  enough.  In  these 
experiments  it  was  found  that  a  porous  concrete  apparently 
afforded  poor  protection,  but  the  experienee  in  the  demolished 
Pabst  Building,  as  is  mentioned  in  the  following  paragraph  con- 
cerning "Cinder  Concrete,*'  seems  to  controvert  this  conclusion, 
at  least  when  the  exposure  to  moisture  is  not  great. 

The  rusting  of  steel  in  concrete  has  been  made  the  subject  of 
an  investigation  by  the  Concrete  Institute  of  England.  The 
preUminary  report  on  the  subject  is  as  follows: 

A  circular  letter  was  issued  at  the  beginning  of  1909  by 
the  Concrete  Institute,  asking  for  the  results  of  experience  and 
examination  on  the  question  of  whether  rusting  of  steel  takes 

*  See  Reports  Nos.  IV  and  IX,  Insurance  Engineering  Experiment  StatioxL 
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place  whpn  covorwl  by  ronrretp.  Tho  let  for  wiia  sent  to  IQ()0 
eDgineers  and  (4.hrrs  cngiigiHl  in  r^onriY'te  Ptinstriiction  —  numbly, 
to  mcinhera  nf  llic  C'uncrctn  InKlitute,  fM);  In  tnnniripal  snr- 
veyore  and  engineers,  96;  to  engineers  nf  joint  water  hiinrfk 
and  sewerage?  bnurdn,  2o;  to  iUn:k  engineers,  38;  to  railway 
engineers,  94;  to  various  contraptnrs  and  otliena  who  u,se  con- 
crete, 187-  To  this  letter  111  repliej^  were  r^-eivixL  Forty- 
seven  contained  re.sullvS  of  definite  olsaervations.  In  thf\<e  the 
writers  gave  26  ea-sr^s  of  rnsting  wliich  had  come  untler  their 
notice,  and  43  cases  where  no  rusting  has  been  found. 

The  committee  c;onsi<lered  that  the  information  thus  gained 
was  extremely  valuable,  but,  in  order  to  obtain  more  definite  knowl- 
edge of  the  question,  they  personally  examined  certain  stniclurt^. 

As  a  n^iilt  of  these  ohservatioiKs  and  inv(^tip;ations,  the 
committee  have  drawn  the  following  eonclusions.  Reinforpefl 
conrrete  will  la.st  iia  h>ng  us  plain  concrete  in  any  situation  pro- 
vided that  pertain  .spet  iril  jjrecautions  are  takcHi  (hiring  its  con- 
gtruetion.     The  precaution:^  to  be  taken  are  as  follows: 

Cotwrete.  —  The  materials  (cement,  sand  and  stone)  must 
he  of  good  qnahty.     They  must  be  most  carefully  arui  thor- 
oughly mixed  and  scientifically  proportione^l,  so  a^  to  be  prac- 
tically waterproof  and  airproof.     The  mixture  mui^i  be  fairly 
,  wet  and  niti:*t  be  well  punned  into  position  so  a^^  to  aiiniini;50 
^oid8-     The   aggregate   should    be   as   non-porous   as   possible, 
,ny  aggregate  W'hich  is  known  to  have  a  chemical  action  on 

.Bhoulcl  l)e  fiv^oided.     The  aggregate  should  aU  pass  through 
Lirii  mesh.     The  concrete  cov^ering  should  in   no  ease  be 

than   J-ineh,  and  it  is  suggested  that  if  round  or  square 

be  u&itd  the  covering  should  not  be  less  than  the  diametor 
of  the  l>ar.  In  structures  exposfHl  to  the  airtion  of  water  or 
damp  aiTj  the  thicknensa  of  covering  shoidd  be  increjused  at  letust 
per  cent,,  or  the  size  of  the  aggrt^^ate  should  be  retluced  so 
to  ensure  a  dense  sldn.  In  the  case  of  structures  exprxsed  to 
I  very  severe  conditions,  the  concrete  might  be  covered  with 
jome  impervious  cioating  as  an  extra  precaution. 

Steel.  —  The  reinforcement  slioidd  lie  so  arranged  that 
there  shall  be  suflicient  space  between  one  piece  and  it«  neigh- 
hor  to  allow  the  concrete  to  pas8  and  to  completely  surround 
every  part  of  the  steeh  All  steel  should  be  firmly  supported 
riyring  tlie  ramming  of  the  concrete,  so  as  to  avoid  displace- 
ment. It  should  not  be  oiled  or  painte<h  and  thick  rust  shoidd 
be  scrapeil  and  brushed  off  before  placing. 

GtneniL  —  The  scantling  of  the  various  members  of  the 
structure  should  be  sufticient  to  prevent  excessive  deflection. 
If  eJer'tric  mains  are  laid  down,  very  great  care  must  be  taken 
that  no  current  is  allowt^l  to  pass  tlii'ough  tho  reinforced  con- 
crete. Fresh  water  sliould  l>e  used  in  mixing,  and  aggregates 
Lchargtid  with  sidt  should  be  washed. 

These  recomnicndations  have  regard  only  to  the  preven- 
tion of  corrosion  of  steel  antl  not  to  fire-resistance  or  any  other 
property  of  reinforced  concrete.* 

•  The  Snifinewing  Uewi,  April  6.  1^1 1. 
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The  impermeability  of  concrete  depends  principally  on  its  dens- 
ity. The  proportion  of  cement  should  be  in  excess  of  the  bulk 
of  the  voids  in  the  aggregates;  the  mixing  should  be  thorough, 
and  the  concrete  should  be  wet  enough  to  ''quake"  when  being 
tamped.  A  still  more  waterproof  concrete  may  be  obtained 
by  using  one  part  of  lime  putty  to  ten  parts  of  cement.* 

The  thickness  of  concrete  required  to  form  adequate  pro- 
tection against  fire  to  the  embedded  steel  (see  Chapter  VII, 
page  249)  is  sufficient  to  secure  protection  against  corrosion. 

Cinder  Concrete.  —  The  action  of  cinder  concrete  upon  iron 
or  steel  embedded  therein  has  been  a  mooted  question  for  many 
years. 

The  following  extracts  are  from  a  report  of  the  executive  com- 
mittee of  the  "Structural  Association  of  San  Francisco "f  on 
the  condition  of  metal  embedded  in  cinder  concrete  floors  as 
revealed  in  several  buildings  damaged  or  destroyed  in  the  San 
Francisco  conflagration: 

The  extent  of  the  corrosion  is  great  enough  to  seriously 
endanger  the  safety  of  the  floors,  and  it  is  not  probable  that  the 
floors  would  have  supported  their  loads  more  than  one  to  three 
years  longer.  .  .  . 

Recommendations.  —  That  the  Structural  Association  try 
to  amend  the  present  building  law  so  as  to  exclude  the  use  of 
cinder  concrete  in  floor  slabs  or  for  fireproofing.  That  pro- 
vision be  made  in  the  building  law  for  the  examination  and 
tests  of  any  existing  cinder  concrete  now  in  use  or  that  may  be 
used  at  some  later  period. 

No  definite  causes  for  the  cases  of  corrosion  found  were  deter- 
mined, although  too  dry  mixing  and  the  presence  of  sulphur  and 
unconsumed  coal  were  all  mentioned. 

On  the  other  hand,  the  extensive  experiments  carried  out  by 
Professor  Norton  led  to  the  following  conclusion:  I 

There  is  one  limitation  to  the  whole  question,  that  is  the 
possibility  of  getting  the  steel  properly  incased  in  concrete. 
Many  engineers  will  have  nothing  to  do  with  concrete  because  of 
the  difficulty  in  getting  *' sound''  work.  This  is  especially  true 
of  cinder  concrete,  where  the  porous  nature  of  the  cinders  has 
led  to  much  dry  concrete  and  many  voids,  and  much  corrosion. 

*  The  Building  Mechanics*  Ready  Reference,  Cement  Workers'  Edition, 
H.  G.  Richey. 

t  See  Engineering  News,  November  1,  1906. 

t  See  Report  No.  IX  of  Insurance  Engineering  Experiment  Station,  "The 
Protection  of  Steel  from  Corrosion." 
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I  teA  that  nothing  in  this  whole  subject  has  been  more  mis- 
niKlentood  than  the  action  of  cinder  concrete.  We  usually 
hmt  that  it  contains  much  sulphur  and  this  causes  corrosion. 
8i4>hur  might,  if  present,  were  it  not  for  the  presence  of  the 
itronghr  alkah'an  cement;  but  with  that  present,  the  corrosion 
of  steel  b^  the  sulphur  of  cinders  in  a  sound  Portland  concrete 
ii  the  venest  myth  and,  as  a  matter  of  fact  the  ordinary  cinders, 
dtamed  as  steam  cinders,  contain  only  a  very  small  amount  of 
nlphur.  There  can  be  no  question  that  cinder  concrete  has 
lOBted  great  quantities  of  steel,  but  not  because  of  its  sulphur, 
but  because  it  was  mixed  too  dry,  through  the  action  of  the 
ondeiB  in  absorbing  moisture,  and  that  it  contained,  therefore, 
voidsj  and  secondly,  because,  in  addition,  the  cinders  often 
oontain  oxide  of  iron  which,  when  not  coated  over  with  the 
cement  by  thorough  wet  mixing,  causes  the  rusting  of  any  steel 
wbkib.  it  touches. 

There  is  one  cure  and  only  one,  mix  wet  and  mix  well. 
With  this  precaution  I  would  trust  cinder  concrete  quite  as 
qoiddy  as  stone  concrete  in  the  matter  of  corrosion.  It  has 
been  suggested  that  steel  which  has  been  rusted  to  a  slight 
d^th  becomes  protected  by  this  coating  from  further  rusting. 
Nothing  could  be  further  from  the  truth.  A  large  number  of 
specimena  were  rusted  by  repeated  alternate  wetting  and  dry- 
ing to  see  if  they  finally  reached  a  constant  condition.  Instead 
of  doing  this,  they  all  showed  an  irregular  but  persistent  loss  in 
wei^t,  on  further  rusting,  until  some  had  practically  been 
waimed  away.  . 

The  increasing  use  of  steel  of  small  dimension  hi  floors  and 
roofs,  twisted  rods,  expanded  metal,  etc.,  has  caused  some 
(]|uestion  as  to  the  advisability  of  their  use  in  view  of  the  pos- 
sible great  efifects  of  corrosion,  as  compared  with  the  effects  of 
corrosion  on  larger  members,  but  with  sound  concrete  of  a 
thickness  of  about  one  and  a  half  inches  between  the  steel  and 
the  weather  I  do  not  question  the  durability  of  these  lighter 
members. 

The  decided  conflict  in  the  above  opinions  led  Mr.  William 
A.  Fox*  to  undertake  a  series  of  experimental  tests  on  bars  of 
Bteel  embedded  in  cinder  concrete.  Sixty  unpainted  test  pieces 
were  used,  surrounded  by  concrete  made  of  steam  cinders  and 
Portland  cement,  variously  mixed  dry  and  tamped,  wet  and 
untamped,  and  wet  and  tamped. 

After  about  forty  days'   treatment,   the  specimens   were 
broken,  and  the  steel  carefully  examined  for  corrosion.     With 
,  but  one  exception,  one  or  more  of  the  three  steel  pieces  in  each 
specimen   showed    unmistakable    signs   of   corrosion.     Appar- 
ently it  made  no  difference  how  the  concrete  was  mixed  —  wet 

*  See  Engineering  Newe,  May  23,  1907.' 
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or  dry,  tamped  or  untamped;  whether  the  steam  or  water 
treatment  was  used,  the  result  was  the  same  —  rust  streaks  and 
sp)ots  were  found;  the  difference  in  the  amount  of  corrosion 
being  imperceptible.  .    .    . 

To  secure  a  dense  homogeneous  cinder  concrete,  a  thor- 
ough tamping  is  necessary.  A  rich  mixture,  either  a  1  :  1  :  3  or 
one  in  which  the  proportion  of  cement  to  aggregate  is  larger, 
should  be  used  in  all  cases.  The  greatest  of  care  should  be 
taken  in  mixing  the  materials,  and  it  may  be  necessary  to 
resort  to  the  seemingly  impractical  method  of  coating  the  rein- 
forcement with  grout  before  placing  in  the  concrete. 

The  above  tests  and  experiences,  and  many  other  investiga- 
tions which  might  be  quoted,  seem  to  show  that  the  exact  causes 
or  conditions  of  the  corrosion  of  iron  or  steel  in  cinder  concrete 
are  not  fully  understood  either  as  to  nature  or  time.  Thus  some, 
at  least,  of  the  cases  mentioned  by  the  Structural  Association  of 
San  FrancLsco  may  have  been  due  to  severe  initial  corrosion,  or 
rusting  during  construction  in  rainy  weather;  while  the  tests 
made  by  Mr.  Fox  were  made  on  unpainted  specimens.  Certain 
it  is,  however,  that  enough  satisfactory  data  are  also  at  hand  to 
warrant  the  use  of  cinder  concrete  when  properly  made  and  set. 

Also,  further  reference  to  the  demolished  Pabst  Building  shows 
that  the  wet  mixing  of  cinder  concrete,  emphasized  as  a  re- 
quirement by  Professor  Norton,  is  not  even  necessary  in  all  cases. 

The  beams  and  girders  were  practically  everywhere  en- 
cased in  the  concrete;  this  was  the  cinder  concrete  of  the  floor 
arches,  and  this  fact  should  be  specially  noted  in  view  of  a 
somewhat  prevalent  view  that  cinder  concrete,  especially  when 
placed  so  as  to  have  a  porous  and  open  texture,  is  favorable  to 
corrosion  of  the  steel  with  which  it  is  in  contact.  .  .  . 

The  nature  of  the  floor  concrete  is  of  interest  in  connec- 
tion with  the  matter  of  the  condition  of  the  steelwork.  It  was 
made  and  placed  in  the  manner  regularly  practiced  for  the 
construction  of  floors  of  this  particular  system.  The  proportion 
of  cement  to  cinders  is  smaller  than  is  ordinarily  used  for  con- 
crete, and  the  mixture  is  then  simply  thrown  from  shovels, 
without  ramming,  onto  the  wire-mesh  centering  and  allowed  to 
set.  The  ramming  is  omitted  with  the  object  of  securing  a 
very  porous  concrete,  and  an  important  advantage  claimed  for 
the  material  so  produced  is  that  it  may  be  put  in  place  during 
freezing  weather  without  harm,  as  the  porous  condition  of  the 
concrete  enables  it  to  withstand,  without  cracking,  the  expan- 
sion due  to  freezing  of  the  contained  water.  As  a  matter  of  ' 
fact,  much  of  the  floor  concrete  in  this  building  was  put  in  place 
during  freezing  weather,  we  are  informed.  We  were  interested, 
therefore,  to  note  that  the  concrete  removed  from  the  floors  is 
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remarkably  tard  and  strong,  ami  while  it  i*^  doubtless  quite 
porouSj  a  fractured  face  shows  a  aotid  aod  firm  surface.  * 

Moliture  from  Plp^s.  —  All  piping,  whether  supply,  waste 

or  vent,  ehould  be  kept  eatirely  separated  from  the  steelwork 
md  oiitBide  of  the  fireprooRiig,  Leakage  from  water-,  waste-, 
or  gteanj-pipes  will  soon  cauee  corrosion  if  the  moisture  reaches 
the  steel.  Bewer  ga^ea  are  also  to  be  guarded  against  as  emanat- 
bg  from  veDt'pipes.  Additional  con^^i derations  of  piping  in  a 
fire-resisting  building  are  discussed  in  Chapter  IX  in  connection 
with  the  installation  of  tbt!  mechatiieaJ  features,  and  in  Chapter 
mi  UA  relating  to  column  protection. 

Editorial  m  ETiffineermtf  Newi^  January  2 9.  1903. 
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CHAPTER  IX. 
PLANNING  AND  GENERAL  DESIGN. 

Flre-reslstlng  Buildings  Defined.  —  By  a  fire-resisting 
building  is  meant  one  in  which  a  fire  starting  within  the  structure 
will  be  confined,  through  the  design  and  the  inherent  qualities 
of  the  building  itself,  to  that  compartment  or  unit  of  area  within 
which  the  fire  originates;  or,  if  subjected  to  attack  by  fire  from 
without,  either  through  an  adjacent  fire  or  wide-spread  confla- 
gration, the  building  must  be  able  not  only  to  protect  its  own 
contents  from  destruction,  but  serve  to  protect  itself  in  all  essen- 
tial particulars,  and  also  to  protect  structures  beyond,  from  the 
further  spread  of  devastation.  Such  attacks  by  fire,  whether 
internal  or  external,  should  result  in  no  material  damage"  to  the 
structure  either  in  whole  or  in  part,  except  to  such  surface  or 
standing  finish  as  may  be  easily  renewed.  The  possible  cost  of 
renewal  or  reconstruction  should  be  kept  a  minimum  and  should 
never  constitute  a  large  percentage  of  the  cost  of  the  building. 

And  at  the  outset,  in  considering  how  to  attain  these  results, 
it  is  well  to  face  two  indisputable  facts: 

First,  that  there  is  no  ultimate  economy  in  poor  fireproofing. 
Either  fireproof  well  or  not  at  all,  as  the  slight  excess  cost  of 
good  and  sufficient  materials,  careful  workmanship  and  adequate 
inspection,  all  applied  to  a  proper  initial  design,  will  pay  for 
itself  many  times  over  when  the  final  test  comes.  The  question 
of  efficiency  vs.  faulty  construction  is  considered  in  detail  in 
Chapter  X. 

Second,  that  the  fire-resisting  qualities  of  a  proposed  building 
must  be  both  carefully  and  scientifically  considered  and  planned, 
exactly  as  the  proposed  use  to  which  the  building  is  to  be  put  is 
considered  in  the  design.  For  fire-resistance  is  not  an  indefinite 
something  which  can  be  added  to  or  taken  from  a  building 
design  at  will,  as,  for  instance,  a  coat  of  fireproof  paint,  a  supply 
of  fire  buckets,  or  even  a  standpipe  and  hose  reels.  The  question 
goes  deeper  than  this,  for  the  vital  fire-resisting  quaUU^^  TCiM^\» 
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be  inherent  in  the  design,  and  cared  for  as  naturally  as  are  the 
commercial  aspects. 

A  building  intended  to  resist  fire  may  be  likened  to  a  position 
intended  to  resist  attack.  The  works  to  be  defended  must 
first  be  well  chosen  as  to  position,  and  substantially  and  scientifi- 
cally designed ;  second,  well  carried  out  in  all  details  at  crucial 
points;  and,  lastly,  manned  by  an  effective  garrison  or  force. 

Requirements  of  Design  and  Construction.  —  A  building, 
to  be  entirely  successful  from  the  standpoint  of  fire-resistance, 
must  include  something  more  than  simply  the  employment  of 
fire-resisting  materials  in  its  essential  design.  Each  building 
must  be  largely  a  problem  unto  itself,  but,  in  general,  it  will  be 
found  that  adequate  and  entirely  successful  fire-resisting  con- 
struction will  result  if  the  following  general  requirements  are 
included. 

First:  A  careful  and  scientific  fire-resisting  plan  or  arrange- 
ment of  the  whole  structure,  with  due  consideration  given  to 
stability,  efficiency  and  permanency.  Without  this,  much 
attention  paid  to  purely  structural  questions,  detail  or  equip- 
ment, may  be  rendered  of  little  or  no  avail. 

Second:  Care  in  providing  adequate  and  fire-resisting  details 
to  make  efficient  the  general  plan  adopted.  These  considera- 
tions include  such  features  as  fire  doors,  fire  windows  elevator- 
and  stair-enclosures,  column  protections  and  partitions,  etc. 

Third:  Suitable  equipment  to  cope  with  either  interior  or 
exterior  fire,  such  as  sprinklers,  standpipes,  hose  reels,  thermo* 
stats,  etc. 

General  Design.  —  The  first  requirement,  viz.y  a  carefully 
considered  general  an-angement  and  design  of  the  whole  structure 
with  a  view  to  providing  the  utmost  efficiency  as  well  as  perfect 
suitability,  seldom  gets  due  consideration,  for,  unfortunately, 
the  idea  has  been  and  still  is  much  too  prevalent  that  the  employ- 
ment of  non-combustible  or  fire-resisting  materials  for  the  main 
structural  members  is  all-sufficient  without  regard  for  plan  or 
arrangement,  details,  or,  in  fact,  any  other  considerations  what- 
soever. Many  a  building  erected  of  the  best  materials  has  been 
found  sadly  wanting  under  severe  fire  test  from  inherent  defects 
in  the  original  plan,  and,  likewise,  many  a  building  of  excellent 
plan  has  been  so  little  considered  in  the  matter  of  solidity  or 
thoroughness,  or  in  vital  details,  as  to  render  failure  under  fire 
test  inevitable.    But  without  a  proper  general  design  to  start 
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witb,  confusion,  danger  and  genoml  inefficiency  are  very  apt  to 
fesult,  and  many  otherwise  excellent  details  of  the  carrying  out 
of  the  plan  are  rendered  vahieless. 

Pmblems  enti^ring  into  the  general  dej^ign  will  include  the 
Buitttbility  of  plan  and  constniction  for  the  purposes  intended; 
the  iiiolation  of  any  especially  dangerous  hazards;   the  subdivi- 
,     sion  of  large  unobstructed  areas;    protection  against  dangemua 
^Jadjaeeut  ri^ks  by  means  of  blank  walls  or  adequately  protected 
^■openings;    provisirmH  for  light  and  air  without  introducing  in- 
terior open  shafts;   the  accessible  and  commodious  arrtingenient 
of  stairways  and  their  protection  against  hre  and  smoke,  or  the 
introduction  of  vertical  fire  wiilis;   the  suitable  location  of  eleva- 
tor shaftjs  so  as  to  render  tlmm  capable  of  fire-re8i8iing  construc- 
tion, as  well  as  convenient  and  servnciable;  and  tJie  gencrd  scheme 
of  construction  which  will  adapt    itself  to  the  employment  of 
wholly  suitable  materials  to  be  used  hi  tlie  right  way. 
Character  of  Building.  —The  first  general  qiieHtions  which 
\     will  serve  largely  to  delc*rrnine  a  firevresist ing  plan  are  the  uses 
lift   to  which  the  building  is  to  be  put  and  the  nature  of  its  location, 
I   These  considerations  should  also  have  the  greatest  weight  in 
deciding  what  is  to  be  the  general  scheme  of  construction^  that 
is,  in  how  far  the  propose<i  ui*e  of  the  strticture  should  tend  to 
emphasize  safety  to  occupants,  safety  to  contents,  or  both^  or 
,k  principally  safety  to  the  Htructure  itself. 

■  If  the  building  is  to  be  ustid  sis  a  hotel,  apartment  house,  school 
r  or  place  of  public  amusement  or  assembly,  manifestly  the  safety 
i  of  large  numbers  of  people  is  of  the  first  importance  and  the 
^w.plan  should  ahvayi^  hp  suliordinated  to  thi^  requirement.  The 
^fbuilding  should  be  fire-resLsting  to  prolect  itstelf  and  those  within 
it  as  far  as  p<:)Ssible  from  fire  of  either  interior  or  exterior  source; 
L  fire-resijsting  as  a  safeguard  to  neighboring  buildings  and  in- 
H  terest^;  and  fire-resisting  to  prove  of  positive  value  to  the  owTiers 
^  under  fire  test.  But  in  addition  to  all  tlu^se  demands^  reasonably 
to  be  expected  by  the  public  of  a  building  of  tliis  nature,  tlie 
safety  of  human  life  must  remain  of  ihf^  firM  imporlancey  and  the 
only  adequate  provision  lies  in  the  original  planning.  Fire, 
snoke  and  panic  must,  all  be  provided  against,  and  proper  means 

»of  egress  or  vertical  fire  wnlls  are.  the  safeguardrs  which  will  make 
this  possible  in  the  original  plan.     Makeshift  alter  at  ione  at  some 
I,      later  day,  after  the  community  has  been  aroused  over  sortie 
appalling  calamity,  may  not  serve  properly  to  correct  errors  oC 
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original  design,  and  the  renting  or  holding  value  of  the  property 
at  once  becomes  impaired. 

If,  on  the  other  hand,  the  building  is  to  be  used  as  a  storage 
warehouse,  then  the  first  thought  should  be  the  greatest  possible 
isolation  of  the  contents  from  outside  risks  of  any  nature,  and 
the  subdivision  of  large  areas  so  as  to  reduce  to  a  minimum  the 
danger  of  spontaneous  combustion  or  combustion  from  any 
interior  source. 

If  to  be  a  department  store,  or  a  large  commercial  emporium 
liable  to  contain  both  large  numbers  of  people  and  valuable 
stocks  of  goods,  then  both  safety  of  occupants  and  safety  ol 
contents  must  be  provided  for.  Manifestly,  unprotected  mill 
construction  would  be  totally  inadequate  for  safety  of  eithei 
occupants  or  contents,  nor  would  such  means  of  egress  as  are 
usually  provided  in  an  ofl&ce  building  be  sufficient,  owing  to  the 
inflammable  nature  of  the  contents. 

If  the  structure  is  to  be  a  manufacturing  building,  attention 
must  be  given  to  the  hazards  inherent  in  that  particular  busi- 
ness and  provision  made  accordingly.  Dangerous  departments 
of  manufacture  involving  the  use  of  fire,  oils,  paints,  glue,  ex- 
plosives and  the  like,  should  be  carefully  isolated  in  the  plan  oi 
cut  off  from  the  balance  of  the  structure,  where  possible,  b> 
fire-resisting  walls,  or  be  given  added  means  of  fire  extinguish- 
ment. The  special  hazards  incident  to  the  various  operations 
in  all  usual  lines  of  manufacture  are  now  well  known,  and,  thanks 
to  the  statistics  gathered  by  insurance  interests,  and  particularl} 
by  the  National  Fire  Protection  Association,  the  especially  dan- 
gerous features  of  all  factory  processes  may  be  indicated  witt 
considerable  certainty.  For  such  data,  reference  should  b( 
made  to  the  *'  Quarterly  "  Bulletins  issued  by  the  National  Fin 
Protection  Association,*  in  which  the  ''Special  Hazards"  of  s 
great  number  of  materials  and  processes  used  in  manufacturing 
are  given  at  length.  This  isolation  of  dangerous  features,  nol 
in  separate  buildings,  but  on  separate  safeguarded  floors,  or  ir 
adequately  cut-off  rooms,  also  serves  to  preserve  the  continuit} 
of  manufacturing  operations  in  the  balance  of  the  plant,  ever 
though  some  special  room  or  department  is  burned  out.  This  if 
an  important  consideration  in  all  manufacturing  businesses. 

For  oflfice  buildings,  which  do  not  generally  constitute  a  verj 
dangerous  risk,  the  plan  should  aim  to  confine  fire  to  the  unit  oi 
*  See  also  page  313. 
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irtment  within  whirh  ii  originatfa.     The  considerable  Dimibfir 
of  watrhful  tenants,  the  iistml  jiltsenco  of  any  particularly  iliin- 
gerous  contents,  and  tlu*  firevalerit  8ul>fli vision  into  small  units 
of  area,  all  serve  ij;rpatly  to  reiluee  the  apparent  risk  attendant 
upon  the  congregation  of  so  many  peijplp  within  large  buildings; 
^  but  the  smoke  and  paiiie  proldemrt  are  Ktill  a  d<^eided  monm^e, 
^■and  the  effectual  t^arrying  out  of  the  plan  bwomea  largely  a 
^■matter  of  adequate  detail,  m  will  be  t4:mched  upon  later. 
^B     These  may  all  seem  trite  observations,  but  did  the  architect 
^Bof  the  Iroquois  Theati^r  properly  ronsider  the  quiek  emptying 
^Baf  that  audittnium,  <tHp<M'i;tlly  of  the  halftuueSp  in  lime  of  danger? 
Did  the  owners  of  the  tirardto  Huilrlin^j;  in  Hoehester  fully  appre- 
ciate the  dauKers  uirident  to  a  larii^e  (Iry-gooda   bui^iness,  that 
they  were  content  with  unprotPt"[ed  means  of  eonununieation 
betwei^n  tlieir  building  and  the  adjoining  Ktorej=i?     The  answers 
^urc  Belf-evidefit. 

^"      Limitation  of  Occupancy.*  —  In  the  preceding  paragraph 
the  eliaracter  of  building  liaa  been  discussed  from  the  standpoint 

»of  use  or  occupaney,  on  the  t>tipiK)Kition  that  the  building  la 
dei^igned  for  tsome  particular  tc^nantry,  and  that  it  is  used  for 
that  pin"i>oae  alone.  We  now  have  to  consider  those  eases,  by 
BO  means  rare^  in  winch  the  liuilding  is  ilesigncd  for  one  purpose, 
but  where,  owing  to  change  in  reiittilj  or  owing  t<o  vague  classiii- 

» cation  in  the  first  place,  the  occupancy  in  quite  dilTerent  from 
that  enntem plated  in  the  design. 
The  so*<!alled  "loft  buildingn'^  in  New  York  City  are  a  ease  in 
point*  As  the  name  implies,  this  type  of  building  was  originated 
and  designed  for  the  display  or  storage  of  goods,  that  is,  aa 
ctorage  n>oins,  nample  njoniH^  or  display  r(M>rnK  for  manufactured 
gtx»ds  or  articles.  The  crusade  agtdnst  *' sweat-shop"  methods, 
lliowever,  quite  accidentally  brought  about  the  occupation  of 
[flome  of  the  earlier  *'loft"  buildings  l)v  garment  makers,  etc., 
[;And  the  experiment  was  so  satisfactory  tliat  "loft"  buildings  in 
^ew  York  City  multiplied  rapidly.  Owing  to  certain  restric- 
tions in  the  construction  of  buildings  over  150  feet  high,  these 
ttructures  have  genej-ally  been  budt  ten  to  twelve  stories  in 
height.  Hence  the  anomalous  condition  exists  of  factory  occu- 
uncy  in  ten-  and  twelve-st^ry  builiiings  designed  as  lofts  only 
-  in  other  words,  the  means  of  egress  and  the  character  of 
Iftuxtliary  equipment  have  generally  been  designed  for  a  very 
•  &ee  also  puragrapli  *' Safely  of  Enij;>lo,vf'^'H,""  Chapttv  XXY. 
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limited  tenantry,  and  for  a  moderate  fire  hazard,  while,  as  a 
matter  of  fact,  the  actual  tenantry  is  often  very  large  and  the 
manufacturing  hazard  great. 

The  conditions  in  the  Asch  Building,  described  in  Chapter  VI, 
are  only  typical  of  hundreds  of  buildings.  From  a  labor  census 
made  in  1906  it  appears  that  in  one  block  in  New  York  City 
there  were  no  less  than  77  loft  factories,  employing  4007  opera- 
tives, while  from  figures  compiled  about  January  1,  1911,  by  the 
Women's  Trade  Union  League,  it  was  estimated  that  the  average 
factory  worker  in  New  York  is  now  employed  seven  stories  above 
the  ground. 

Of  such  loft  buildings,  Mr.  H.  F.  J.  Porter,  the  well-known 
authority  on  fire  drills,  has  said:* 

I  have  had  some  fifty  odd  requests,  since  the  Asch  Build- 
ing disaster  in  this  city,  to  put  fire  drills  in  loft  buildings  in  this 
city.  I  am  compelled  to  state  that  such  a  drill  cannot  be  put 
in  a  single  loft  building.  In  other  words,  the  only  thing  left 
for  the  occupants  of  any  loft  building  in  this  city  in  case  of  fire 
is  what  has  always  been  left  to  them  as  alternatives,  either  to 
jump  to  death  or  to  burn  to  death. 

Limitation  of  occupancy  should,  therefore,  be  strictly  enforced 
by  the  owners  of  buildings,  —  limitation  as  to  number  of  tenants 
and  limitation  as  to  hazard  of  occupancy  —  so  as  always  to 
keep  the  number  of  tenants  and  the  hazard  of  occupancy  well 
within  the  hmitations  of  the  building.  Rigid  enforcement  of 
such  limitation  should  also  be  insisted  on  by  municipal  regula- 
tions. (Indeed,  Mr.  Porter  goes  even  further,  and  advises  that 
a  satisfactory  rapid  egress  test  be  required  of  all  such  buildings 
before  being  accepted  for  occupancy.)  Nor  would  such  regula- 
tions be  at  all  unreasonable.  No  one  would  think  of  occupying 
an  ordinary  store  as  a  place  of  public  amusement  until  the  laws 
regarding  audiences,  etc.,  had  been  complied  with.  Why,  then, 
should  large  numbers  of  people  be  allowed  not  only  to  occupy 
poorly  designed  and  poorly  equipped  loft  buildings,  but  to  carry 
on  therein  distinctly  hazardous  processes  of  manufacture?  Such 
occupancy  is  distinctly  contrary,  in  every  way,  to  the  simplest 
rules  of  fire  protection. 

Means  of  Egress  comprise  interior  stairways  and  elevators, 
and  exterior  fire  escapes.  Escalators  are  also  sometimes  used 
in  department  stores  and  theaters. 

•  1911  Proceedings  of  National  Fire  Protection  Association,  page  152. 
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^h   features  In  thr-  huilding  plan  or  design  rtuist  ho  cnn- 

Bidereci  from  tlirf^fi  moro  or  IfHB  dLstjnnt  8taadpointa;   1,  ordinriry 

servifo  in  providing  access  to  and  egress  fmm  varinua  floora 

under  normal  conditions;    2^  emf?rgency  service,  in  providing 

.  safe  and  rapid  meana  of  egress  for  occupants  in  time  of  firt;  or 

I  panic;   3,  emergf^ncy  access  for  firemen. 

^     1.   Ordinary  Sinnce.  —  A  candid  inquiry  into  the  means  of 
egress  provide^:!  in  ordinary  buildings,  even  including  many  fire- 
[rc;>isting  structures,  will  nhow  that  such  features  arcj  usually 
^considered  from  this  standpoint  alone.     Both  stairway- and  ele- 
vator-service are  designed  for  usual  conditions,  both  as  regarda 
capacity  and  safety,  while  in  flagrant  examples,  even  normal 
I  Co  ntl  it  ions  are  not  proper!)'  provided  f<.ir,  intLsmuch  as  no  limi- 
itation    of   occupancy   has   been    enforeeji.     The   so-called    loft 
buildings  of  New  York  City^  described  in  the  preceding  para- 
k  graph,  are  a  csLse  in  point,  wherein  even  normal  stair-  and  ele- 
I  vator-service  is  often  taxed  to  unreacsonable  limits^  while  efhcient 
emergency  service  is  practically  impossible, 

2.    Emcrgimcy  Egrms  is  of  paranKMint  importance  in  the  de- 
■  gign   of  theaters  or  other  places   of  public  ashembly,   liotcls, 
fpchools,   depart ment   stores,   or   manufacturing   buililings   con- 
taining rnuny  opend  ives. 

>In  arriving  at  a  determination  of  the  means  of  egress  to  ho 
provided  in  any  such  huilding  for  emergency  iise,  no  allowance 
should  l)e  made  for  elevators,  as  the  amount  of  service  to  be 
absiilutely  depended  on  in  time  of  need  is  problematical;  nor 

Ion  escalators,  as  such   mechanical  devices  are  too  subject  to 
break  down.     The  prt>hlcm  of  emptying  a  building  within  a 
reiisonablc  time,  therefore,  resolves  itself  into  one  of  three  n^qni- 
fiites;     {a)   Ui  provide  suitable  si  airways  and  fire  escapes  of  a 
capacity  smd  arrangement  sufficient  to  care  for  the  maximum 
number  of  occupants;  or  (b)  to  enforce  limitation  as  to  oeeu- 
^fcpaney  so  as  not  U\  exceed  the  capacity  of  the  staimays  pro 
^Jvided;  or  (c)  to  subdivide  the  building  by  means  of  one  or  more 
^■vertical  fire  walls  extending  from  celltir  to  roof, 
^1     Even  fire  drills,  jis  described  in  Chapter  XXXVII^  are  not 
^Ppracticalde  uidess  one  of  tlicse  alternatives  is  iwlopted.     No  less 
an  autliority  tban  Mr.  H.  F.  J.  Porter,  who  has  been  so  promi- 
nently asso(^iate<l  with  the  organization  of  fire  drills  in  manu- 
}  facturing  plants,  etc.,  employing  large  rnnobers  of  operatives, 
has  stated  that  *'the  studies  which  1  have  mad^  vti  \imV5t\a3B^ 
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ref'.arding  the  capacity  of  exit  facilities  show  that  the  archi- 
tectural profession  has  apparently  been  working  absolutely  in 
the  dark,  and  has  produced  a  lot  of  buildings  unemptiable  in 
emergency/'* 

As  a  remedy,  especially  in  manufacturing  buildings  and  the 
like,  Mr.  Porter  suggests  the  ''bi-sectional"  plan  of  building 
as  follows: 

When  we  analyze  the  situation  there  seem  to  be  three  ways 
of  solving  the  problem  of  escape  from  a  crowded  building: 

1.  Increase  the  number  of  stairways  in  a  building  so  as 
to  have  two  independent  stairways  leading  down  from  each 
floor  with  independent  exits  at  their  base;  in  a  ten-  or  twenty- 
or  more-story  building  this  would  be  impossible,  as  great  sections 
of  the  building  would  have  to  be  engrossed  by  stairways,  and 
stairways  are  where  the  congestion  occurs  which  causes  acci- 
dents. 

2.  Reduce  the  number  of  occupants  per  story  to  the 
capacity  of  the  stairways.  By  actual  test,  the  capacity  of  a 
stairway  wide  enough  for  two  people  to  go  down  abreast,  where 
the  distance  between  floors  is  from  ten  to  twelve  feet,  is  thirty 
people  per  story.  It  will  be  manifestly  impossible  to  limit  the 
number  of  people  per  story  in  this  way;  manufacturing  or  busi- 
ness must  be  run  in  accordance  with  other  requirements. 

3.  Eliminate  the  stairways  by  some  means  altogether 
from  consideration,  so  as  to  make  each  story,  for  purposes  of 
escape  from  danger,  practically  a  first-story  or  ground  floor; 
that  is,  enable  people  to  flow  out  horizontally  from  it.  This 
would  be  the  ideal  way,  if  it  could  be  done;  and  as  it  has  been 
done  frequently,  it  can  be  done  again,  and  the  means  should 
become  generally  known  and  adopted  as  standard  practice. 

The  method  to  accomplish  this  result  is  a  fire  wall  so 
arranged  in  a  building  as  practically  to  bisect  it.  (See  Fig.  46.) 
This  wall  must  be  continuous  from  cellar  to  roof,  and  be  pro- 
vided with  doorways  on  each  floor  closed  by  automatic  fire 
doors.  The  building  must  be  designed  with  two  sets  of  egress 
facilities  of  ample  proportions,  one  set  located  on  each  side  of 
the  wall  accessible  from  each  floor.  No  fire  is  at  all  hkely  to 
occur  on  both  sides  of  this  fire  wall  simultaneously,  unless  it  is 
of  incendiary  origin.  Should  a  fire  occur,  the  alarm  sounds 
and  the  occupants  of  the  building  on  the  side  of  the  wall  where 
the  fire  is  merely  have  to  pass  through  the  doorways  in  the  fire 
wall,  close  the  doors  after  them,  and  be  perfectly  safe.  A  fire 
drill  will  empty  either  side  of  a  building  so  equipped,  no  matter 
how  many  stories  high,  in  a  minute.  The  refugees  may  re- 
main in  the  safe  side  of  the  building  until  the  fire  fighters  have 
put  out  the  fire,  or  they  may  at  any  time  use  the  egress  facili- 
ties provided  there,  which  would  be  free  from  smoke  or  fire. 

*  Compare  with  page  509. 
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The  fire  wall  enliMTicea  the  utility  of  all  forniH  of  exit 
For  example,  the  oiit?^i<ie  iron  fire  escape  hii8  beeo  shown  to  he 
A  very  uiii*?ife  ineaii.H  of  effeetiiiK  f^gress  from  a  burning  building. 
In  the  Asdh  Building  fire  the  fire  escitpe  was  totally  destroyed 
by  the  fiamefi,  aiul  people  who  tritNl  to  um  it  were  burned  up 
DTJ  it.  The  fire  wall  largely  eliminates  the  necessity  for  the 
use  of  the  fire  ese^ipe  on  this  type  of  buikhng,  but  if  retained 
the  fin?  eseapes  on  !he  safe  side  of  the  fire  wall  would  he  free 
from  fire  danger.* 

Aa  regards  stair  capacity  for  emergency  egress,  see  also  para- 
grapli  "Capacity  of  Stairs,'^  Chapter  XV,  and  for  egresa  in 
theaters  and  like  plaf^ea  of  puiilie  tLss^nnhly,  see  Chapter  XXII, 
particularly  paragraphs  '* Exits"  and  ''Quick  Emptying  Teats." 

Emergency  Access,  —  Sei-urity  in  stairways  may  not  only 
prove  of  incstinnable  value  to  the  occupants  of  the  structure,  but 
possibly  to  tlie  owner  as  well,  for  there  is  then  provided  something 
far  better  than  ladders  or  water  Ujw^ers  for  the  use  of  firemen. 
If  these  men,  who  have  a  hazardous  calling  at  the  best,  can  be 
assured  that  stair  wells  are  secure  and  isolated^  they  will  at  once 
take  advantage  of  this  ujost  efficient  means  of  attacking  and 

•  See  The  SttrPt-u,  July  15,  1911. 
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fighting  fire  from  within,  rather  than  from  without.  As  firemen 
have  often  explained  to  the  writer,  the  trouble  now  is  that 
adequate  isolation  is  seldom  provided,  and,  in  severe  fires,  the 
construction  is  almost  invariably  such  that  danger  constantly 
exists  either  of  being  cut  off  below  or  of  seeing  the  supporting 
treads  and  landings  crack  or  give  way. 

In  the  comparatively  insignificant  fire  in  the  Vanderbilt  Build- 
ing in  New  York,  the  crooked  stairway,  surrounding  the  elevator 
shaft,  was  so  filled  with  smoke  that  the  firemen  were  overcome  in 
several  instances  while  attempting  to  carry  hose  to  the  upper 
floors,  although  flame  failed  to  touch  this  portion  of  the  build- 
ing. Also,  in  the  Parker  Building  fire  the  stairways  were 
wholly  inadequate  in  both  number  and  size,  and,  what  was  of 
vital  importance  in  the  early  stages  of  fighting  the  fire,  they 
were  more  of  a  menace  than  aid  to  the  firemen. 

Stairways  and  Fire  Escapes  are  considered  in  detail  as  to 
location,  design  and  construction  in  Chapter  XV. 

Location  and  Exposure  Hazard.  —  The  location  of  the  site 
is  important  as  affecting  a  fire-resisting  plan.  If  the  proposed 
structure  is  wholly  or  largely  isolated,  no  great  care  is  necessary 
to  provide  against  exterior  hazard,  and  the  plan,  precautions 
and  materials  even,  may  be  modified  accordingly.  But  if  lo- 
cated in  the  midst  of  dangerous  risks,  the  utmost  possible  pro- 
tection must  be  given  to  all  sides;  if  adjoining  an  especially 
dangerous  neighbor  on  the  side  or  rear,  then  the  plan  should 
properly  provide  for  protection  in  that  direction,  either  by 
means  of  blank  brick  walls  or  by  minimum  window  areas  pro- 
vided with  fire  shutters  or  at  least  with  fire-resisting  frames  and 
sash.  If  located  on  a  narrow  street  or  alley,  where  the  burning 
of  an  opposite  or  nearby  non-fire-resisting  structure  would 
surely  mean  severe  exposure,  then  the  character  of  the  exposed 
wall,  the  protection  of  window  openings,  and  the  desirability 
of  providing  "open  sprinklers"  at  the  roof  Une  or  at  the  window 
heads  must  all  be  considered. 

The  report  of  the  National  Fire  Prevention  Association  Com- 
mittee on  the  Baltimore  conflagration  contains  the  following: 

From  a  fire  protection  viewpoint  it  is  essential  that  solid 
brick  walls  without  openings  of  any  kind  should  be  provided 
wherever  possible.  Where  windows  or  other  openings  are  nec- 
essary they  should  be  few  in  number  and  of  small  area.  They 
should  also  be  protected  with  the  best-known  devices  for  the 
protection  of  such  openings  against  fire. 
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The  protection  of  window  openings,  etc.,  is  a  detail  of  con- 
struction to  be  considered  later  in  the  design  (see  Chapter  XIV), 
but  the  number  and  locations  of  windows  or  other  openings  are 
matters  to  determine  in  the  original  plan. 

Regarding  the  location  and  site  of  public  assembly  buildings, 
aueh  as  theaters,  etc.,  see  Chapter  XXII. 

SubdlvMon  of  Large  Areas.  —  Aside  from  the  question  of 
egress,  large  horizontal  floor  areas  in  buildings  should  be  sub- 
divided by  means  of  flre-resisting  walls  or  partitions  into  units 
of  moderate  size,  for  three  principal  reasons. 

First:  To  localize  or  confine  internal  fire,  so  that  it  need  not 
spread  besrond  the  unit  of  area  in  which  it  originates,  thus 
effectively  limiting  the  fire  damage  and  consequent  financial  loss. 

Second:  To  minimize  the  damage  resulting  from  severe  expo- 
sure or  conflagration  conditions,  by  breaking  up  large  imdivided 
floor  areas  into  efficiently  surrounded  units. 

Third:  To  aid  fire-department  work  in  the  extinguishment 
of  fire. 

1.  Numerous  fires  in  office  buildings,  hotels,  warehouses  and 
the  like  have  proved  that  fire  may  originate  within  a  room  or 
compartment  which  is  surrounded  by  an  efficient  partition,  com- 
pletely consume  the  combustible  trim  and  contents,  and  remain 
undiscovered  until  hours  afterward. 

If  thoroughly  fire-resisting,  such  division  walls  or  partitions 
not  only  confine  the  fire  damage  to  a  small  area,  but  they  serve, 
as  well,  to  augment  the  fire-resisting  qualities  of  the  whole 
structure.  If  only  partially  fire-resisting,  dividing  partitions 
are  still  of  great  value  in  breaking  up  strong  draughts,  and  in 
providing  barriers  behind  which  the  fire  department  may  make 
a  successful  stand. 

The  possibility  of  the  subdivision  of  large  horizontal  areas  in 
buildings  depends  largely  upon  the  uses  to  which  the  structure 
is  to  be  put,  but  here,  as  in  many  other  points  connected  with 
fire-resisting  design,  the  ideas  of  the  fire  protectionist  or  the 
interests  of  insurance  companies  are  found  to  be  very  different 
from  the  demands  of  owner  or  occupant. 

For  modern  office  buildings,  no  limitations  as  to  areas  need 
be  prescribed,  as  such  buildings  usually  are,  of  necessity,  sub- 
divided by  supposedly  fire-resisting  partitions  into  relatively 
small  offices.  This  is  also  largely  true  of  hotels  and  apartment 
houses,  except  that^.  in  all  of  these  classes  of  buMm^,  ^js^'^^y^ 
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care  is  necessaiy  to  surround  stairways  and  elevator  shafts  by 
approved  fire-resisting  partitions,  not  only  on  account  of  the 
fire  hazard,  but  to  prevent  panic  and  the  smoke  hazard  as  well. 

In  retail  and  wholesale  stores,  warehouses  and  factory  build- 
ings, large  undivided  areas  are  very  apt  to  be  considered  indis- 
pensable —  in  store  buildings  because  the  impression  on  the 
customer  of  vastness  and  business  magnitude  is  supposed  to  be 
in  direct  proportion  to  the  unobstructed  area,  and  in  warehouses 
and  manufacturing  buildings  because  the  arrangement  of  ma- 
chinery or  the  handling  of  goods  are  considered  of  more  impor- 
tance than  dividing  fire  walls.  In  such  instances  the  interests 
of  the  lessees  are  almost  always  contrary  to  the  interests  of  the 
owners  or  underwriters. 

The  expediency  of  allowing  large  undivided  areas  in  department 
stores,  under  stringent  regulations  as  to  sprinklers,  fire  doors, 
stairways,  etc.,  instead  of  insisting  upon  areas  of  not  over  10,000 
square  feet  (as  has  been  done  in  special  instances  in  Boston)  is 
debatable,  to  say  the  least,  but  the  question  of  undivided  floor 
areas  is  of  much  less  importance  when  the  risk  is  provided  with 
automatic  sprinklers. 

In  warehouse  or  factory  construction,  where  large  undivided 
areas  are  often  thought  necessary  (and  commonly  filled  with 
large  quantities  of  highly  inflammable  merchandise  and  oily 
machinery  and  floors),  it  is  very  doubtful  if  any  great  interfer- 
ence to  business  interests  would  result  from  municipal  regula- 
tions which  would  prohibit,  under  any  conditions,  undivided 
floor  areas  in  excess  of  10,000  square  feet.  If  larger  areas  than 
this  were  required  to  be  divided  from  the  ground  up  by  solid 
masonry  partitions,  the  fire  departments  could  then  hold  fires 
in  better  check,  and  make  conflagrations  impossible. 

In  large  open  structures,  such  as  car  barns,  pier  sheds,  ferry 
terminals,  churches,  armories  and  even  theaters,  division  walls 
or  fire  stops  to  limit  moderately  the  horizontal  areas  are  usually 
considered  impracticable.  The  usual  result  of  fire  in  such 
structures  is,  therefore,  the  complete  destruction  of  the  building 
and  contents,  due,  principally,  to  the  absence  of  division  walls. 
In  buildings  of  this  type,  it  is  the  usual  experience  of  fire  depart- 
ments that,  if  fire  is  not  extinguished  in  an  incipient  stage,  great 
headway  is  soon  acquired,  and  the  total  resources  of  the  depart- 
ment cannot  prevent  the  ultimate  consumption  of  all  combus- 
tible  contents,  if  not  the  collapse  of  the  structure.    The  primary 
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reason  for  this  is  the  great  difficulty  experienced  in  getting  hose 
streams  to  bear  upon  the  scat  of  the  fire  before  it  has  spread 
beyond  control. 

The  introduction  of  fire  walls  in  some  classes  of  structures  is 
admittedly  a  vexing  problem,  but  much  can  be  done  if  the 
matter  is  well  studied  in  connection  with  the  original  planning. 
In  hollow  buildings,  such  as  churches,  theaters,  and  armories, 
etc.,  the  use  of  the  building  naturally  prohibits  division  walls, 
thereby  necessarily  increasing  the  fire  hazard.  But  even  in 
such  structures,  much  can  be  done  to  improve  the  quafities  of 
fire-resistance.  This  is  done  in  theaters  by  cutting  off  the  stage 
from  the  auditorium,  and  a  similar  isolation  of  the  foyer  from 
the  auditorium  could  usually  b(i  affe(;ted.  Churches  and  armor- 
ies could  usually  be  designed  in  a  similar  manner.  Structures 
such  as  piers,  ferry  terminals,  car  banis,  etc.,  where  the  sub- 
division of  horizontal  areas  only  has  to  be  considered,  present 
no  great  diflSculty  as  to  fire-stops.  In  fact,  the  ordinary  plan 
of  such  buildings  should  lend  itself  readily  to  division  and 
subdivision. 

The  Universal  Mercantile  Schedule  for  a  "standard  building" 
allows  2500  square  feet  floor  area  as  a  basis  from  which  area 
charges  are  figured.  The  rating  of  area  for  a  fire-resisting 
building,  as  used  by  the  Boston  Board  of  Fire  Underwriters,  is 
given  in  Chapter  III,  page  45. 

2.  The  subdivision  of  floor  areas  will  largely  serve  to  prevent 
strong  draughts  of  air  from  one  side  or  portion  of  a  building  to 
another  side  or  portion,  thereby  gnMitly  avoiding  the  hazardous 
conditions  of  severe  exposure  fire  or  wide-spread  conflagration. 
It  was  found  in  both  the  Baltimore  and  San  Francisco  confla- 
grations that  fire  not  only  swept  through  undivided  floors  with 
greater  rapidity  than  in  divided  areas  (as  would  naturally  be 
expected),  but  with  greater  intensity  as  well.  In  other  words, 
each  horizontal  story  becomes  a  flue,  the  length  of  which  is  the 
distance  from  the  window  openings  lying  nearest  the  exposure 
to  those  in  the  opposite  wall. 

The  following  conclusion  bearing  upon  this  point  is  taken 
from  the  report  of  the  National  Fire  Protection  Association  upon 
the  Baltimore  conflagration: 

Large  unbroken  floor  areas  assist  the  spread  of  fire  and 
serve  to  augment  its  severity.  Buildings  of  considerable  area 
and  having  large  quantities  of  combustible  contents  s\\ow\d  V>^ 
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subdivided  by  substantial  brick  fire  walls  sufficient  to  form  a 
positive  barrier  to  the  spread  of  fire. 

The  large  areas  now  so  common,  and  particularly  in  those 
buildings  having  unenclosed  vertical  openings,  undoubtedly 
furnish  conditions  which  render  even  the  most  approved  meth- 
ods of  fire-resistive  construction  now  in  use  of  doubtful  value. 

It  was  noticeable,  even  in  office  buildings,  that  the  damage 
was  generally  greatest  where  there  were  large  offices  without 
any  sub-dividing  partitions. 

3.  It  has  been  pointed  out  that  the  volume  and  intensity  of 
fire,  and  the  rapidity  with  which  it  will  gain  headway,  are  all 
vastly  greater  in  large  areas  than  in  small  ones.  It  is  also  a 
much  more  difficult  matter  for  a  fire  department  effectively  to 
surround  and  fight  a  fire  of  large  area.  Much  valuable  time  is 
lost  in  running  long  lines  of  hose,  in  addition  to  which,  smoke 
conditions  are  often  so  bad  that  the  actual  location  of  the  fire 
cannot  either  be  found,  or  reached  if  found.  There  is  a  limit 
to  the  ability  of  firemen  to  inhale  smoke  or  withstand  heat,  and 
once  this  limit  is  reached,  the  offensive  operations  of  extinction 
cease,  the  firemen  are  put  on  the  defensive,  and  the  fire  is  master 
of  the  situation.  These  considerations  would  point  to  the  de- 
sirability of  fixing  what  might  be  termed  the  maximum  area 
which  can  be  efficiently  handled  by  a  city  fire  department.  "As 
a  working  unit,  5000  square  feet  has  been  suggested,  with  a  limit 
of  100  feet  in  any  direction  (or  a  rectangle  50  by  100),  which  is 
as  large  an  undivided  area  as  the  experience  of  the  New  York 
Fire  Department  indicates  to  be  within  the  capacities  of  effec- 
tive fire  department  operations."* 

As  all  limitations  of  areas,  whether  required  by  municipal 
ordinances,  or  limited  by  insurance  interests,  or  adopted  as  a 
matter  of  expediency,  are  primarily  a  question  of  original  design 
and  planning,  it  is  important  to  plan  the  structure  wisely  from 
the  beginning.  The  subdivisions  shoukl  be  made  either  by  solid 
brick  walls,  which  are  much  to  be  preferred,  or  by  other  approved 
and  s^ibstantial  fire-resisting  partitions.  All  openings  connecting 
such  areas  should  be  provided  with  approved  fire  doors  where 
possible,  but  even  partially  fire-resisting  doors,  if  closed,  are  not 
to  be  underestimated  in  preventing  the  rapid  spread  of  fire. 

Limit  of  Are^Sf  National  Board  Building  Code.  —  The  follow- 
ing tabulation  gives  the  limit  of  areas  to  be  enclosed  within 
brick  fire  walls,  as  recommended  in  the  Building  Code  of  the 
Nationa]  Board  of  Fire  Underwriters: 

♦  See  Journal  of  Fire,  July,  1906,  page  8. 
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Light-shafts  and  Interior  Courts.  —  But  if  large  undi^-ided 
horizontal  areas  are  bad  from  the  view-point  of  fire-resistance, 
the  open  light^shaft  or  interior  court  is  far  worse.  For  this 
element  of  design  in  a  building  intended  to  be  fire-resisting  in 
any  sense  of  the  word,  or  in  fact  in  any  building  where  safety 
of  either  life  or  property  is  to  be  considered,  there  can  be  no 
justification  whatever.  The  risk  of  undivided  areas  then  be- 
comes tenfold,  for  in  place  of  undivided  horizontal  areas  only, 
we  have  undivided  vertical  areas,  than  which  no  feature  of 
building  design  presents  a  more  positive  possibiUty  of  ruin  and 
disaster. 

The-  open  light-well  or  interior  roofed-over  court  is  simply  a 
more  architectural  treatment  of  the  old  method  employed  for 
obtaining  additional  light  over  large  interior  floor  areas.  Some 
of  the  old-time  mercantile  or  warehouse  buildings  may  still  be 
found  where  the  successive  floors  beneath  a  roof  skylight  are 
pierced  by  openings  to  admit  light  to  the  interior  areas  of  lower 
stories,  the  fancied  protection  against  draught  and  fire  commu- 
nication being  secured  through  the  use  of  wooden  trap  doors, 
hinged  at  the  sides,  which  are  supposed  to  be  closed  at  night. 

With  the  erection  of  more  extensive  and  more  architectural 
business  and  even  public  buildings,  it  was  soon  found  that  the 
interior  light-court  provided  not  only  a  means  of  lighting  interior 
areas,  but  that  this  feature  could  be  used  to  great  architectural 
advantage,  thus  providing  an  opportunity  for  the  display  of 
ornamentation,  and,  what  was  of  even  more  importance  to  the 
owner  or  tenant,  giving  the  impression  of  a  large,  attractive  and 
apparently  extensive  interior.  Hence  this  feature  of  design  has 
been  prominent  in  past  examples  of  hotels,  —  witness  the  Palace 
Hotel  in  San  Francisco  —  in  office  buildings,  —  witness  the 
Masonic  Temple  and  Chamber  of  Commerce  Buildings,  Chicago 
—  and  in  retail  and  department  stores  innumerable,  where, 
especially  at  the  holiday  season,  it  is  no  unusual  thing  to  see 
such  courts  decorated  with  festoons  of  evergreens,  light  paper 
ornaments,  rugs  and  draperies,  the  whole  possibly  illuminated 
with  strings  of  incandescent  lamps.  What  the  result  would  be 
in  case  of  fire,  in  a  store  thus  crowded  with  holiday  shoppers,  is 
easy  to  imagine  as  far  as  the  structure  and  its  stock  in  hand  is 
concerned,  and  frightful  to  contemplate  as  to  the  patrons. 

But,  owing  to  many  bitter  experiences  of  the  past,  it  is  now 
recognized  that  such  courts,  beautiful  and  imposing  as  they 
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often  may  be,  are  nevertheless  even  more  dangerous  than  large 
undivided  horizontal  areas.  Great  fire  losses,  and  suffocation  by 
smoke  and  panic  are  the  almost  inevitable  consequences,  and  if 
fire-resistance  is  to  be  considered  at  all,  the  open  light-well  will 
soon  be  relegated  to  the  obhvion  which  it  deserves.  The  Home 
Store  Building  fire  in  Pittsburgh,  described  in  Chapter  VI,  was 
a  typical  example  of  the  wide-spread  ruin  resulting  from  the 
interior  open  court  running  from  basement  to  roof. 

Again  it  is  a  question  of  original  design. 

If  the  floor  area  is  so  large  that  adequate  lighting  cannot  be 
secured  by  means  of  the  windows  in  the  bounding  walls,  then 
the  only  alternative  is  either  to  indent  open  light-courts  from  the 
lot  lines,  or  else  to  provide  an  interior  hght-well  wholly  within 
the  plan,  to  be  open  to  the  weather  in  either  case,  and  enclosed 
at  all  floors  by  means  of  adequate  fire-resisting  walls.  If  not  too 
limited  in  area,  oi  if  not  situated  within  a  particularly  hazardous 
risk  (in  which  case  "auto-exposure,"  or  the  possible  communi- 
cation of  fire  from  floor  to  floor  through  the  window  openings 
must  not  be  overlooked),  such  courts  or  hght-wells  could  still 
be  made  of  very  attractive  appearance,  and  susceptible  of  con- 
siderable architectural  treatment.  Light  and  pleasing  designs, 
combining  ornamental  metal  work  and  glass,  would  still  give 
adequate  views  across  and  up  and  down  tlie  well,  thus  preserving 
the  idea  or  impression  of  extent,  completeness,  or  architectural 
effect.  Prisms,  wire  glass  or  electroglazed  lights  —  all  recog- 
nized as  efficient  fire-retardants  —  would  be  readily  adaptable 
to  such  construction.  Something  similar  to  this  idea  may  be 
seen  in  the  treatment  of  the  interior  court  of  a  certain  large  retail 
dry-goods  store  in  Berlin,  Germany.  The  architectural  style 
was  "L'Art  Nouveau,"  and  the  court  in  question  was  open  to  the 
weather  above  (possibly  partly  covered  by  a  temporary  glass 
roof  during  severe  winter  weather)  and  filled,  on  the  ground- 
floor  level,  with  a  bright  and  attractive  flower  garden  containing 
a  fountain,  paths,  flower  beds,  seats,  etc.  Rising  from  thci 
garden,  the  main  court  walls  were  built  of  light  stone  or  terra- 
cotta piers,  arched  openings,  etc.,  with  balustrades  at  each  floor 
level  between  the  piers,  behind  which  were  open  loggias  or  covered 
balconies,  cut  off  from  the  main-floor  areas  by  means  of  highly 
fantastic  partitions  or  screens,  designed  in  metal  work  and  glairs, 
after  the  fashion  of  L'Art  Nouveau.  The  result  was  (certainly 
most  pleasing  and  effective,  own  though  not  so  efficient  against 
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fire  hazard  as  if  the  court  walls  had  been  of  brick  with  the  usual 
glass  areas. 

Vertical  Openings.  —  Much  that  has  previously  been  said 
regarding  open  light-shafts  is  also  distinctly  applicable  to  stair- 
and  elevator-shafts.  From  the  standpoint  of  fire-resistance, 
unprotected  stairways  and  elevators  are  wholly  wrong  and 
entirely  inconsistent  with  other  features  of  design  which  are  pro- 
vided with  great  care.  Thus,  for  instance,  we  insist  upon  fire- 
resisting  floor  construction,  not  only  to  carry  the  superimposed 
loads  safely  (for  ordinary  construction  would  do  that)  but  to 
provide  a  floor  system  which  will  prevent  the  communication 
of  fire  from  story  to  story,  and  which  will,  under  fire  test,  require 
a  minimum  of  repair.  And  then,  having  done  so,  we  promptly 
render  all  this  expense  of  no  avail  by  introducing  passages  of 
vertical  communication,  thus  inviting  wreck  and  ruin  from  fire 
and  water,  and  the  danger  of  panic  from  flame  or  smoke.  In- 
deed, the  entire  Baltimore  conflagration  was  undoubtedly 
attributable  to  this  most  common  but  deplorable  practice,  as  is 
shown  in  the  following: 

Near  the  center  of  the  building  (the  Hurst  dry-goods  store 
where  the  fire  originated)  was  an  unenclosed  well-hole  about 
14  feet  square  from  basement  to  sixth  story,  containing  a  stair- 
way and  passenger  elevator.  .  .  .  The  most  plausible  theory  is 
that  the  smoke  and  gases  from  a  smoldering  fire  ascended  the 
central  opening,  accumulated  in  the  upper  portion  of  the  build- 
ing, and  were  finally  exploded  when  reached  by  the  flames.  .  .  . 
The  Baltimore  conflagration  is  directly  chargeable  to  unpro- 
tected floor  openings.  Had  the  stair-  and  elevator-openings  in 
the  building  where  the  fire  originated  been  properly  protected, 
there  is  every  reason  to  believe  that  the  fire  department  would 
have  been  able  to  control  the  fire  at  the  start.* 

This,  and  other  experiences  in  the  Baltimore  conflagration 
and  in  other  fires,  led  the  committee  of  the  National  Fire  Pro- 
tection Association  which  investigated  the  Baltimore  fire  to 
recommend  as  follows  in  their  conclusions: 

Vertical  openings  throughout  buildings,  as  for  stairs  and 
elevators,  rapidly  communicate  fire  to  all  stories.  With  build- 
ings of  considerable  height  or  combustible  contents  this  is 
likely  to  result  in  fire  conditions  beyond  fire  department  control. 
AH  such  floor  openings  should  be  enclosed  in  brick-walled  shafts, 
crowned  by  a  thin  glass  skylight,  and  extended  through  roof, 
with    fire  doors  at    openings   to  stories.     Unenclosed  vertical 

♦  Report  of  National  Fire  Protection  Association. 


PLANNING  AND   GENERAL  DESIGN  313 

opening?  are  considered  to  he  a  moHt  prominent  feature  con- 
tributing to  the  fire-cost  and  loss  of  life.  Neglect  to  guard  these 
openings  is  common  throughout  the  country.  Steps  should 
be  taken  to  rectify  this  condition  in  all  existing  buildings,  as 
well  aa  in  those  hereafter  erected,  particularly  buildings  of 
mercantile,  manufacturing  and  storage  occupancy.  Municipal 
building  laws  and  insurance  discrimination  should  be  evoked 
to  this  end. 

That  the  importance  of  this  question  is  beginning  to  be  appre- 
ciated, is  evidenced  by  decided  improvements  in  recent  years 
in  both  building  codes  and  advanced  practice.  Thus  stairs 
and  elevators  are  increasingly  being  surrounded  l)y  fire-resisting 
enclosures,  whether  of  wire  glass  in  combination  with  ornamental 
frameworks  of  iron  or  bronze,  as  in  hotels,  apartments,  stores 
and  oflSce  buildings,  or  of  brick,  concrete  or  tile  walls  with 
fire  doors,  as  in  more  dangerous  risks,  involving  the  hazard  of 
manufacture  or  the  storage  of  large  quantities  of  combustible 
goods.  But  of  whatever  materials  such  enclosures  may  be 
built,  the  question  comes  back  to  original  planning.  For  the 
problem  of  vertical  openings  involves  suital)le  location  to 
provide  for  safety  and  convenience,  the  lighting  of  the  woll- 
rooms  themselves  —  and  often  the  necessity  of  transmitting 
light  through  the  enclosures,  —  and  all  of  these  points,  as  well 
as  fire-resistance,  must  he  duly  considered  in  the  original  design. 

The  design  and  construction  of  stairways  and  their  enclosures 
are  more  fully  considered  in  Chapter  XV,  while  elevator  shafts 
and  other  similar  vertical  openings  and  their  enclosures  are 
considered  in  Chapter  XVI. 

Isolation  of  Mechanical  Plants  and  Special  Hazards.  — 
The  isolation  of  mechanical  plants  and  any  or  all  other  fire 
hazards  within  a  building  are  also  features  of  planning  to  be 
considered.  This  is  gem^rally  a  well-o})serve(l  rule  as  regards 
boiler  and  engine  rooms,  due  to  municipal  building  regulations 
wlych  usually  require  such  plants  to  be  enclosed  within  brick 
fire  walls  and  covered  by  only  thoroughly  fire-resisting  floors. 

The  design  of  storage  buildings  of  certain  types,  and  manu- 
facturing buildings  of  certain  process(\s,  also  re(iuires  (^speeial 
care  in  planning,  incident  to  the  special  hazards  involved.  Thus 
cotton  storehouses,  grain  elevators,  vXr,.,  and  bleac^h-,  dye-  and 
print-works,  breweries,  cordage  works,  cotton  miUs,  flour  mills, 
glass  works,  packing  houses,  paper  mills,  pulp  mills,  ruliher 
factories,  shoe  manufactories,  sugar  refineries,  tanneries,  woolen 


314         FIRE   PREVENTION   AND  FIRE   PROTECTION 

mills  and  many  other  lines  of  manufacturing  plants,  all  require 
intimate  knowledge  of  the  special  hazards  involved.  A  wide 
range  of  such  ** Special  Hazards"  has  been  published  by  the 
National  Fire  Protection  Association  in  their  "  Quarterly  "  Bulle- 
tins, copies  of  which,  covering  almost  any  ordinary  process  of 
manufacture  or  condition  of  storage,  may  be  obtained  by  ad- 
dressing Mr.  Franklin  H.  Wentworth,  Secretary,  87  Milk  St., 
Boston,  Mass. 

Installation  of  Mechanical  Features.  —  Proper  provision 
must  be  made  in  the  original  design  for  caring  for  all  such  me- 
chanical features  as  steam  pipes,  plumbing  pipes,  and  electric 
wires,  cables,  etc. 

In  a  building  of  any  considerable  size,  steam  risers  must 
usually  be  placed  at  several  locations  to  supply  radiators.  The 
best  method  of  caring  for  such  risers  is  to  place  them  within 
chases  or  slots  in  exterior  walls,  covering  them  with  removable 
metal  panels. 

Plumbing-  and  vent-pipes,  and  electric  cables,  etc.,  should  in- 
variably be  placed  within  a  special  shaft  which  should  preferably 
be  surrounded  by  brick  walls.  For  walls  of  pipe  shafts,  etc., 
see  Chapter  XVI.  A  tin-  or  metal-covered  door  and  frame  should 
be  provided  at  each  floor,  inside  of  whiclj  should  be  placed  an 
iron  grating  to  fill  completely  the  shaft  area  except  for  a  sufl&- 
cient  opening  along  one  wall,  where  the  piping  and  cables  are 
run.  Easy  access  may  thus  be  had  at  each  floor  for  repairs, 
replacement,  etc. 

All  branches  from  this  main  shaft  should  be  so  run  as  not  to 
impair  the  efficiency  of  floor,  column  or  partition  construction. 
If  left  to  a  haphazard  installation,  as  is  only  too  often  done, 
piping  of  all  kinds  becomes  a  serious  menace  to  the  fireproofing 
scheme. 

Materials  and  Details.  —  The  materials  to  be  employed  for 
the  main  structural  members,  or  for  the  fire-resistive  coverings 
thereof,  should  be  those  which,  in  Chapter  VII,  were  found  *to 
be  entirely  suitable  for  their  functions. 

The  details  of  construction,  such  as  floor  arches,  column 
coverings,  partitions,  the  protection  of  window  and  door  open- 
ings, stairways,  elevator-  and  other  shaft-enclosures,  walls,  roofs, 
etc.,  as  described  in  detail  in  succeeding  chapters,  must  all  be 
carefully  considered  in  so  far  as  such  details  affect  the  general 
plan  or  design. 
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Bvt  in  additian  to  the  consideration  of  the  main  structural 
Mtorinlw  and  the  more  important  details  as  enumerated  above, 
ftaiMMild  be  the  consistent  aim  of  the  architect,  owner  and 
toMHit  aHke  to  reduce  the  combustible  or  damageable  materials 
k  fike  buikUiig  to  a  minimum. 

WHwit— Hon  €i  CombustlMe  or  Damageable  Materials. . 
— Releraioe  to  the  tabulated  percentages  of  cost  of  the  various 
items  dT  work  entering  into  the  construction  of  fire-resisting 
IxddiiiiliB,  j;iven  in  Chapter  VI,  will  show  the  high  percentage 
MJstB  of  those  portions  which  are  subject  to  complete  or  con- 
aderable  damage  by  fire. 

In  the  paragraph  ''Ratio  of  Fire  Damage  to  Sound  Value/' 
page  202,  it  was  shown  that  the  losses  on  such  portions  of  even 
to-eaUed  fire-desisting  buildings  in  the  Baltimore  and  San  Fran- 
dwo  conflagrations  aggregated  from  60  to  70  per  cent,  of  the 
Bound  value  of  such  buildings. 

The  paragraph,  "Minimizing of  Fire  Losses:  Reconstruction," 
page  205,  quotes  the  recommendations  of  Captain  Sewell  as  to 
tlie  elimination,  as  far  as  may  be  practicable,  of  all  combustible 
or  easily  destructible  materials,  and  the  influence  of  such  design 
upon  the  feasibility  and  cost  of  reconstruction  after  fire  damage. 

It  has  previously  been  pointed  out  that  this  60  to  70  per  cent, 
of  loss  in  fire-resisting  buildings  under  conflagration  conditions 
can  be  reduced  only  by:  1,  the  uniform  employment  of  fire- 
resisting  construction  in  congested  areas;  2,  more  efficient 
auxiliary  equipment,  and  3,  the  elimination  of  combustible  or 
damageable  materials. 

No  general  rules  can  be  laid  down  whereby  the  latter  require- 
ment can  best  be  accomplished,  for  each  building  will  largely  be 
a  problem  unto  itself.  Captain  Sewell  makes  many  valuable 
suggestions.  Fire-resisting  finished  floors  are  described  in 
Chapters  VII  and  XI;  partition  trim,  etc.,  is  discussed  in 
Chapter  XIII;  windows,  doors,  etc.,  in  Chapter  XIV;  roofs 
in  Chapter  XXI,  and  wall  finishes,  etc.,  in  Chapter  XX  and 
XXrV.  Still  further  practicable  reductions  in  combustible 
materials  through  the  use  of  metal  furniture,  shelving,  etc.,  is 
discussed  in  Chapter  XXVII. 

Fire  Departments  and  Equipment.  —  Over  and  above  all 
of  the  previously  mentioned  requisites  in  planning,  a  successful 
fire-resisting  design  must  include  provisions  for  two  very  im- 
portant elements  of  protection,  namely,  fire  department  opera- 
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tioriB,  and  auxiliary  equipment  to  supplement  departmental 
efforts. 

The  efficiency  of  fire  department  work  will  depend  largely 
upon  the  subdivision  of  large  areas,  the  accessibility  of  all  areas, 
diiect  and  non-confusing  corridors  or  means  of  communication, 
isolated  stair-weUs,  and  well-planned  and  fire-resisting  stairs. 

Auxiliary  equipment  is  considered  in  detail  in  Part  VI  of  this 
volume. 

Then,  given  a  plan  in  which  suitability  of  use,  location, 
isolation  of  dangerous  risks,  the  subdivision  of  large  areas,  Hght- 
courts  and  well-rooms  have  each  and  all  been  properly  consid- 
ered and  provided  for,  the  whole  combined  with  a  suitable  but 
not  niggardly  fire-resisting  scheme  of  construction  and  suitable 
equipment,  and  we  may  rest  content  that  we  have  a  structure 
capable  of  resisting  the  most  severe  attacks  by  fire  and  water, 
requiring  only  a  minimum  of  repair  as  a  consequence. 


CHAPTER  X. 


EFFICIENCY  VS.  FAULTY   CONSTRUCTION* 

Haste  Detrimental  to  Efflcleocy.  —  A  candid  inquiry  into 

Lpresent-<lay  building  inothcKid  —  njgar(ile.s.s   of    national  pride, 

I  business  or  financial  interests, — forces  the  admissinii   that,  as 

a  nation,  we  are  deeidefily  lacking  in  that  thoroughness^  auper- 

[visiun,  adequacy  and   permanency  which  should  properly   be 

[looked  for  in  those  buildings  of  ecinsiderable  crji^t  which  now 

form  so  large  a  proportion  of  our  building  opcnttions  in  large 

cities. 

Our  ofttimei^  unwarrauteit  hiiste  and  conf^equent  curelesMness, 
our  lack  of  coni^istt^nt  thoroughness  in  fir<3-rt\siHtive  construc- 
tion, our  neglect  of  careful  and  searching  sup<?rvision  or  in- 
Bpection  by  the  architect  or  engineer,  and  our  building  operations 
*'figainst  time/'  whereby  the  date  of  completion  to  insure  some 
advantageous  leases  or  rents  becomi^s  of  more  importance  than 
thoroughness  or  the  possibility  of  improving  the  work  through 
correction  a  or  changes  as  the  work  progreiises,  must  atl  be 
admitted  as  highly  detrimental  to  efficient  and  permanent 
building  methods. 

Fire -resist  he    ItuUding    Methods.  —  IJnfoi-tunatoly,    the 

above  criticisms  are  particularly  true  of  buildings  intended  to 

'  he  of  finvresistive  con.struclion;    partly  iiecause  this  class  of 

buildings   now  embraces   all   the  more   prominent   strnctums^ 

partly  because  due  to  their  very  appellation  of  ''fireproof"  or 

fire-resi,sting,  so  much  more  is  expected  of  them,  and  also  partly 

becauiie  in  the  auppo^ccjly  fii-e-resinting  features  of  these  Ijuiltl- 

•  in^  are  found  many  of  the  most  glaring  examples  of  that  haste, 

I  careleasne^is  and  inadequacy  which  are  so  t^  be  deplored. 

There  is  no  question   that  many  btiildings  are  constructe<l 

with  efficient  care  as  regards  permanency  against  su^lden  fire, 

I  or  slow  deterioration  from  natural  (^auses.     The  wii!)dom  and 

permanency  of  ateel-skeleton  methods  are  considered  in  another 

•  Portions  of  this  chapter  are  tnken,  by  permission,  from  an  article  by  Uie 
author,  publinhed  Iti  EngineeTinQ  News,  Vol.  LV,  No*  17. 
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chapter,  and  there  is  ample  testimony  to  show  that  steel  build- 
ings and  concrete  buildings  can  and  are  being  made  safe  and 
permanent  for  any  length  of  life  which  may  reasonably  be  ex- 
pected of  them,  especially  where  care  and  a  suflBcient  amount  of 
time  are  combined  with  proper  materials  and  adequate  super- 
vision. 

But,  unfortunately,  there  are  other  examples,  only  too  nu- 
merous, wherein  early  depreciation  or  deterioration  and  danger 
from  severe  or  total  fire-loss  are  only  too  imminent;  also  other 
examples  in  which  the  sins  are  rather  those  of  commission  than 
omission  —  of  "snide"  or  slighted  work. 

Faulty  Construction  Revealed  by  Baltimore  Conflagra- 
tion. —  If,  perchance,  the  above  views  are  thought  to  be  those 
of  an  alarmist,  conside^r  the  striking  testimony  as  to  honesty, 
efficiency  and  permanency  brought  out  in  the  Baltimore  confla- 
gration. Regarding  honesty,  what  of  the  large  areas  of  exterior 
masonry  walls  in  one  of  the  more  prominent  burned  "fireproof" 
buildings  where  the  work  consisted  of  outer  and  inner  one-brick 
walls,  filled  in  with  loose  and  largely  uncemented  brickbats, 
broken  tile  and  almost  any  refuse? 

As  to  efficiency  or  permanency,  to  take  only  those  features 
of  fire-resistive  construction  which  should  have  been  fully  as 
well  understood  before  the  Baltimore  experience  as  after,  con- 
sider the  partition  construction  and  column  protections,  arid 
the  almost  utter  failure  of  a  most  excellent  material  used  with- 
out intelligence;  the  totally  inadequate  floor  arches  used  in  the 
Equitable  Building;  and  the  complete  failure  of  various  cheap 
plaster-block  and  substitute  constructions,  introduced  under  false 
ideas  of  economy  and  efficiency. 

In  the  report  of  the  National  Fire  Protection  Association  on 
the  Baltimore  conflagration,  the  crying  need  of  less  haste  and 
more  care  in  building  operations  is  emphasized  as  follows: 

Municipal  building  laws  and  inspection  should  enforce  good 
construction  in  all  details.  Inspection  of  fire-resistive  buildings 
in  course  of  erection  should  be  more  frequent  than  is  necessary 
for  buildings  of  ordinary  construction.  One  of  the  most  dis- 
couraging features  brought  out  by  this  fire  is  the  wholesale 
evidence  of  lack  of  care  and  gross  neglect  in  the  execution  of 
the  work.  This  was  evidenced  in  many  ways,  such  as  chopping 
away  a  portion  of  the  floor  arches  for  the  purpose  of  applying 
ceiling  finish,  the  breaking  of  tile  column  coverings  for  pipes  and 
wires,  the  loose  setting  of  tile  partitions,  the  laying  of  curtain 
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ItaIIs  without  sufficient  mortar,  and  the  pnor  faateniogs  of  the 
Nprotet'tive  coverings  for  the  lower  flanges  of  beams  and 
ders  by  the  use  of  phuster,  metal  cUps  and  even  v*ooden  ^t^ipH. 

In  an  address  delivered  a+  tho  annual  banquet  of  the  National 
oard  tjf  Fiin  Underwriters,  May  12,  11)01^  Capt.  John  Stephen 

^well,  IT.  S,  A,,  gave,  us  Ihe  prin(*ipal  lensoa'^  tt3  be  draWTi  from 

he  Baltimore  conflsigratioTi^  the  fuUowing: 

First,  In  our  de^iigns  ho  far,  we  have  roHortixl  to  iiitide- 
§uate  measiiriis  for  fiw^-rc^istance,  and  almost  none  at  all  for 
fire  prevention.  ,  .  . 

Second.     More  miuss  m  required  to  rasi^t  fire  than  to  carry 

^uperimpoael  loads.     In  the  cnxze  for  lightness  and  eheanness, 

the  motJern  fire-rr^isting  huilding  h^is  been  rc^diiceii  to  a  degree 

|of  flimainess  w^holly  inronsii^tr'nl    with  satisfa(*tory  behavior  iti 

I  severe  fjre^  and  it  may  he  added  that  this  same  flimainesa  will 

jinsure   equally    unsatisfactory   results   against   the  Blower   but 

lalways  active  elements. 

Third,  The  t^trmdard  of  workmanship  in  tbr«e  builiiings 
IiB  very  low,  often  criminally  so.  The  faetor  of  safety  pro- 
Ivided  ixi  the  rle^ign  againi^t  other  contingencies  m  drawn  upon 
Ifor  100  per  cent,  as  tribute  to  dishonesty  and  earelrssne^is. 
I  Owners  neerl  to  learn  the  value  and  the  necessity  of  adeonatc 
Jimpection,  and  it  does  seem  that  some  architects  shotdd  enlarge 
|their  ideas  of  what  is  meant  by  the  word  '  superviJ^ion.' 

Crittclsins  of  San  Fraoclsco  Bullillngs.  —  Mr.  Richard  L. 
[Humphrey  states  that  the  causes  of  failures  of  buildings  l>y 
|earthquake  and  fire  in  San  Francisco  may  be  summarized  aa: 

1.  The  effort  on  the  p^irt  of  those  qualified  to  design  and 
I  Advise  on  building  construetion  to  meet  the  owners'  demands 
h)y  planning  structures  so  that  they  can  be  erected  for  the  leiu^t 
I  possible  cost, — a  praciico  which  tendn  to  a  departure  from  the 
Iprinciples  of  correct  design,  tiie  result  lieing  a  structure  that 
iwill  carry  ordinary  loads,  but  that  fails  when  subjected  to 
Jlinusuiil  conditions.  .  .  .  ^ 

2.  Actually  dishonest  design  and  construction.* 

The  report  of  Prof,  Frank  Soul^  in  the  same  bnlletin  contains 
[the  foUowing: 

The  lefcisons  taught  by  the  great  Chicago  anrJ  Baltimore  fires 
[luid  been  appheti  by  but  few  of  the  architects  of  San  Francisco, 
Ion  account  of  cost  restrictions  insisted  on  by  owners,  and  very 
I  much  of  the  damage  inflicted  on  these  higli-elass  strueturea 
[during  the  eonflagratiou  is  directly  tracealile  to  the  imperfect 
I iircproofing   put  in,  or  to   the  entire  abseiu^e  of  tireproofing* 

*  Bulletin  No,  324,  United  States  Geological  Survey.  ' 
I  Earthquake  and  Fire/'  pagea  5&  147  and  U9 
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Some  of  the  failures  were  evidently  and  directly  Mtt.ril>utable] 
poor  workmanship. 

The  ftiilure  of  the  planter  and   metal  methfjd  and   so 
other  methods  of  fircproohnf^  in  iSan  Franeisco  is  directly  tra 
able  to  tlie  nomraands  of  orniers  to  their  arehitefst^s  to  t-heap 
a8  far  as  practicable  the  firrproofing  and  the  construction 
erallyi  in  order  to  receive  greiiter  interest  on  their  investmen 
Much  of  thi.s  cheapening  has  been  done  in  spite  of  the  prote 
of  the  di^signer,  and  it  is  in  an  entirely  wrong  direction; 
rates  of  insurance  are  larj^ely  rednced  with   impnivements 
fireproofing,  and  as  the  cost  ol  the  steel  frame  and  its  proti 
fireproofing  seldom  exceeds  27  per  cent,  of  the  cost  of  the  bu 
ing,  it  seema  wise  to  protect  the  other  73  per  cent,  with 
quate  materials.* 

Caoses  of  Faulty  Cnnstruetlon.  —  The  cansea  of  the 
conditions  of  carclesHncHs,  liaste  and  inefKciency  are  therefore 
to  be  found  partly  with  the  owners  or  investors,  partly  with  the 
architect  or  engineer,  sometimes  with  the  contractor,  and  also 
frequently  in  the  laxneuss  of  our  biiilding  regnlations. 

ResponslblUty  of  Owner.  —  Considering  first  the  influenee 
of  the  owner  or  investor  upon  such  questions,  it  is  apparent  that 
frenzied  building  finance  is  responsible  for  many  ills. 

Buildings  represent  the  itivt^stment  of  capitid.  An  investor 
will  consider  long  and  carefully  the  pur  chaise  of  a  valuable  piece 
of  real  e^^tate,  yet  when  he  comes  to  improve*  that  re^l  estate  by 
a  building  scheme  costing  possibly  as  much  as  the  land  value, 
the  safCj  lasting  and  genuine  qualities  of  the  structure  are  con- 
sidered of  far  less  inaportance  than  economy  in  planning,  ex* 
tenor  attractiveneas,  and  haate  to  rt^alize  on  the  investment. 
This  is  particularly  true  of  specidative  building  or  property 
to  be  turned  over  to  others,  often  to  small  investors  in  the 
shares  of  building  trusts,  who  have  no  means  of  knowing  that 
the  work  has  l>een  rushed  or  skimped,  but  who  see  only  the 
veneer  and  apparent  excellence.  The  writer  hns  watched  care- 
fully such  an  example  of  building.  Owing  to  haste  and  care- 
lessness, the  first  winter  after  the  owmers  had  ''sold  out^^  found 
tenants  freezing  from  inadequate  heating  plant  combined  with 
poor  cnnstruetion,  whde  within  a  year  not  a  door  in  the  building 
closed  tightly.  W1>at  unjust  loads  of  repair,  renewal  and  often 
total  loss  thus  come  upon  holdci's  of  such  falKe-prctence  property  I 

A  good  building  rc^quires  time  to  construct.     Modern  "rush*' 

*  Bulletin  No,  324,  United  8tatt*»  GpoIokic^iI  Siir^'cy,  *'  Th«  Saa  FmodBOO 
Earthquake  and  Fire/'  pages  58,  HI  and  119, 
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udencies  to  get  the  buiMing  ihim^  l>y  a  i^ertain  dato,  rPKaitlless 
of  workmanship,  iire  penurious  in  tho  extremes  The  owner 
requiring  such  a  cr^nlrart  (Ii^lihtTatily  invitees  slighted  work  oo 
the  part  of  the  (:<jntrar!tor  run!  sii^fiitvl  supervision  on  the  part 
of  the  architect.  Meehaiik^a  ean  ^yerforrn  liono.st  work  for  not 
over  nine  or  tt^n  hours  a  day.  Night  gang.H  eari  never  equal 
day  gangs  in  excellenee  of  work.  The  architt^t^t,  under  press 
of  a  time  contract.,  will  he  forced  to  pass  mediocre  work  rather 
tlxaii  take  the  respon^sihility  of  delaying  the  completion,  and 
this  knowledge  hi  apt  to  he  taken  advantage  of  by  the  tm- 
Bcnipulous  contractor. 

Then  the  indifTerenee  of  the  average  owner  to  tMletjuatc  ftrc- 
twistance  shifts  tlie  l>unlen  of  Gre  Iosh  upon  the  commumty  in 
tbe  shape  of  fire  insurance.  The  moral  duty  of  erecting  a  unit 
of  firo-resistanee,  contributing  to  the  safety  and  rights  of  one*d 
neighbors,  is  becoming  more  and  more  recognized,  and  the  com- 
pmatively  ^slight  riilTerence  in  expense  between  adequate^  effective 
fireproofing  and  the  methods  of  proven  inefficiency  should  not 
be  set  tlouTi  to  extravagance  or  foolish  precaution,  but  to  a 
common-sense  view  of  one*s  obiigatioua  to  neighbor  and  8<.'if. 

There  is,  finally,  a  phasi*  of  this  subjecl  which  haw  not 
yet  been  touched  upon  —  the  coininer(?ial  «itle.  The  writer'^ 
long  experience  in  the  l>usinc>is  nf  contracting  for  fireproof  con- 
Btniction  has  afforded  exceptional  opportunity  to  study  the 
attitude  of  capitalists,  owners  and  architect.s  on  tliii^  t^ubject. 
It  will  no  doubt  be  a  surpri.se  to  many  to  learn  that  in  more 
than  95  per  cent,  of  the  fireproof  buildings  erecteti  during  the 
last  five  years  the  mistaken  economy  of  owners  and  their  repre- 

Rlatives  has  preventecl  tiie  adoption  of  gooti  fireproof  con- 
iction  in  that  proportion  of  buildings.  In  every  case  the 
erence  between  a  prK)r  and  mediot^re  me  thod  of  fireprtjofing 
and  a  first-elass  and  efficient  method  has  not  been  in  exeeiis  of 
from  2  to  4  per  cent,  of  the  cost  of  the  building.  As  long  as  a  cheap 
method  or  system  of  firepnuofrng  complice  with  tlie  building  lai^s 
of  the  city  in  winch  the  iMiilding  is  to  be  located,  and  fulfils  the 
requirements  for  streni^h,  the  average  owner  is  satisfied,  and 
k  unwilhng  to  appropriate  any  additional  money  whatever  for 
^fcerior  methods  or  materials.  It  is  the  same  old  story  of 
^pt  its  good '  substitution. 

When  the  owiier,  as  is  generally  the  case,  has  no  practical 
kiiowle<Ige  of  building  construction,  and  is  incapable  of  judging 
of  the  merits  of  difltTent  methods  and  materials,  he  invarlal)ly 
adopts  the  lowest-priced  method  or  systeni  ufTcrcd,  or  instructs 
his  architects  or  reprice n tat ives  to  do  so.  One  of  tlie  incom- 
prehensible things  is  the  fact  that  the  average  owner^  or  his 
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bufiinesa  represeniativt^  thinks  tliiit,  lio  Ls  fulfilling  every  mo 
and  busini^ss  obligation  hy  offering  to  award  tlie  work  to 
eonceniB  furnishiiiK  fii^st^ekusa  and  effit'ient  inethods  at  the  sa 
price  that  the  poorest  and  t"heape.st  methcjds  nni  offcrc*(l  to  hfi 
This  pohcy  and  nit'thod  of  placing  contrac  ts  for  fireproof  "^ 
BtriK'tion  in  umx]  ahnost  without  exception^  even  by  large 
roads  and  wealthy  corporations. 

In  the  civie  of  all  other  Imllding  tnateriaISp  surh  as  stoij 
brickj  stool,  f;oinont,  oic,  quality  jb  f-arefully  considerc^i:!,  and  ^ 
prices   tire  graded   acrordingly;    but  in  the   consideration 
seleetion  of  fire[>roitf   construct  i(m,  which  is  probaidy  the  m^ 
important  tletail  of  a  modern  fjuilding,  quality  and  efficien 
have  been  entirely  neglected  up  to  the  pronsent  time. 

As  long  as  owners  and  architects  are  unwilling  to  pay 
flmall  additional  amount  nect^sary  to  socuro  fir8t-(da>ii*  fire- 
proofing  they  muKt  expect  results  such  as  were  ahown  in  Balti- 
more and  Han  I'Yancisco  whenever  a  conflagration  of  any 
magnitude  occurs.  It  would  seem,  however,  that  the  exercise 
of  the  mast  ordinary  intelhgence  would  jminipt  tlie  owner  of  a 
valuable  building  to  expend  from  2  to  4  per  cent,  of  its  coat,  in 
order  to  aecure  exemption  from  damage  to  the  structural  parts 
of  the  buildings  and  an  additional  5  pi^r  ctmt,  for  the  protection 
of  exterior  window  and  d<»or  openings,  in  order  to  save  the 
contents  of  the  building  from  exterior  attack  by  fire.* 

Eesponslbility  of  Arcbiteet.  —  The  architect  —  that  is, 
the  average  architect,  for  there  are  notable  exc^eptions  —  con- 
tributes to  inefficient  building  methods  through  lack  of  knowl- 
e^:lge  regarding  constructive  principles,  lack  of  cure  and  often 
interest  in  vital  detail;^  of  fire-resistive  plamdng  or  details  of 
construction,  and  lack  of  rigid,  intelligent  inspiH^tion  of  ma- 
terials and  workmanship,  ecspecially  the  latter.  For  examples, 
take  the  instance  of  hollow  miu^onry  walls  filled  with  rubbish, 
revealed  by  the  Baltimore  fire,  before  stated,  the  apparent 
lack  of  irispec^tion  given  the  terra-(!otta  arch  conj3tru<;tion  in 
the  Park  liow^  Building^f  ami  the  poor  concrete  work  ejdiibited 
in  the  beam  protection  of  the  Butterick  Building,  both  of 
these  buildings  being  in  New  York  City.  Examples  need  not 
be  multiplied.  There  is  arnjile  room  for  improvement  in  the 
matter  of  more,  fully  detailing  important  elements  of  the  work^ 
insisting  upon  more  masa  or  adequacy  of  material  to  prevent 
fire  destruction  or  the  ravages  i>f  tleterioration,  more  complete 
and  intelligent  specifications,  and  the  rigid  enforcement  of  all 
hy  painstaking  inspection. 

•  A.  L.  A.  niranicl Wright,  M.  Am.  Sf>c.  C.  E.,  in  Tmns.  Am.  8oc.  C.  E , 
Vol,  tJX.  page  309. 

t  See  Enginecrinff  Newf,  April  U,  1S98* 
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Respenslblllly  of  Contractor.  —  The  contractor,  between 
the  devil  of  compel i(  ion  arid  tlie  d^ep  sea  of  no  work,  is  oliliged 
to  take  work  on  a  time  ba^h  whieli  he  knows  18  innompalible 
with  best  results,  thcrel>y  assenting  to  a  wilful  siighting  of  the 
^■charaeter  of  the  work.  While  some  builders  who  are  making 
^Rjeeords  for  mushrooiii-growih  building  openitittnts  may  be  eon- 
tributing  to  f»ur  natiomil  n'putation  for  "liUHtle/'  they  are 
certainly  eonlribtiring  liMle  to  ilie  true  and  lasting  qijaiitien  of 

I  the  buiiiling  methods  of  the  **old-aehool'*  contractors  of  one  ur 
two  generations  ago. 
Conclusions.  —  First,  it  will  be  well  tn  reeogni/.e  clearly  that 
in  the  n:iatter  (jf  the  iLse  or  application  of  fire-tertiKting  materials^ 
solidity,  mass  or  adequacy  are  practically  synonymous  with 
efficiency;  for  inadequate,  skimped  or  sjlighted  work  wil!,  sooner 
or  later,  prove  a  menace  to  the  life  of  the  structure  ^  if  not 

I  under  some  suddc^n  fire  tt^t,  then  under  tJie  slow^  but  sure  ravages 
of  time.     For  firrvprotct'tive  coverings  are  i-mploycd  not  alone 
Sls  such,  but  as  a  protection  to  the  vital  steel  skeleton  as  well. 
Any  paring  down  of  these  protective  coverings,  therefore,  en- 
dangers the  ultimate  life  of  the  steel  frame,  in  addition  to  in- 
viting disaster  from  some  suddt^n  and  unexpected  trial  by  fire. 
If  fireproofing  i^t  worth  attempting  at  all,  ifc  k  worth  doing 
well.     No  one  would  think  of  skimping  the  essential  structural 
portions  of  a  building  to  a  dangerous  degree.     In  few  of  our 
building  materiids  is  a  factor  of  safetj'  of  less  than  2  employed  — 
in  fact,  it  usually  runs*  ftom  2k  to  5.     Why  then  shotild  a  doubt- 
ful sufficiency —  indeed,  often  no  factor  of  safety,  hut  a  resd 
L      deficiency  —  be  tolerated  in   fire-pro tc<.'tive  materials?     Surely 
^vnot  from  lack  of  experience  or  illustrations,  for  past  tires  have 
^"  elearl}'    demonstrated  failure  aft^er  failure  in   the  efficiency  of 
many  recognized  *' standard ''   detaib   of   construction,   not  ko 
often  in  the  materials  themselves  as  in  the  method  of  application 
and  the  inadequacy  of  nmlerial. 

Second,  good  fire-resistive  construction  always  shows  good 
results  and  poor  fire-re^sistive  construction  sliows  fMjor  results. 
I  Too  rapid,  careless  or  flimsy  (Construction  is  not  only  detrimental 
[  to  trustworthy  fireproofing,  but  is  ixpially  tletrimental  to  the 
permanency  of  the  structure.  Poor  fireproofing,  also,  is  apt  to 
.  be  a  total  loss  under  severe  fire  test,  \vhile  good  firepriKifing,  even 
lif  somewhat  damagedj  will  pemdt  of  speedy  reconstruction. 
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Rectutrc'nieiits.  —  A  satisfactory  fire-rpsiating  floor  draign 
should  J  in  so  far  im  may  be  possible,  combine  the  foU  owing 
features: 

Strcjigth  and  rigidiiy^  —  including  ability  to  carry  the  eati- 
mated  Btatic  and  moving  loads  witli  a  proper  factor  of  safety, 
and  iihility  to  resist  shock  due  to  fallings  de[>ris. 

Fire-  and  umler-resisiancef  —  to  secure  a  minimmn  damai^e  by 
fire  and  water,  egpecially  aa  regards  beam-  and  girder-protections, 
and  to  make  floors  wal^?rproof, 

Prolectian  aijaiud  corroawfif  —  in  providing  proteetion  to  all 
metal    beams,    girtfers,    etc.,    and    to    metal    rcinfort^ement 
employed. 

Lorn  coat  <md  eane  of  mcondnirtion,  —  to  secure  Kiinplinity  o 
construction  J  not  inv^oh  ing  skilled  labor;  a  minimum  dead  weight 
in  the  construction;  and  a  minimum  cost  of  reconstruction  after 
damage  by  fire. 

As  to  a  selection  of  floor  type  to  combine,  in  ho  far  as  nmy  be 
poft'iiblej  the  above  desiderata,  see  paragraph  "Selection  of 
Floor  Type,-'  page  t545» 

Types  of  Fire-reslstlng  Floors  employed  in  pre.^eni  practice 
for  various  classes  of  fire-resisting  buildings  comprise:  Mill  con- 
struction, brick,  terra-cot ta,  concrete,  and  combination  terra- 
cotta and  concrete.  In  addition  to  these,  a  great  nurnber  of 
patented  '* systems ^^  have  bejen  used  during  the  past  ten  or 
fifteen  years,  practically  none  of  which  has  survived  the  test 
of  time  save  the  Guastavino  construction.  Probably  m'nety- 
five  per  cent,  of  present-day  fire-resisting  floor  construction  con- 
sists of  tile  arches  of  some  furroj  reinforced  cone  re  te,  or  combined 
tile  and  concrete. 

The  Building  Code  reeommejicJed  by  the  National  Board  of 
Fire  Underwriters  allows  fire-resisting  floora  to  l>e  made  of  brick 
arches,  hoUow  tile  arches,  or  arches  of  phiiu  or  reinforced  Port- 
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land  canent  concrete,  all  within  stated  requirements.  Other 
than  standltfd  forms  of  brick,  tile,  concrete  or  composition  floors 
mast  be  subjected  to  a  standard  load-,  fire-  and  water-test,  prao- 
tJeaHy  the  same  as  that  described  in  Chapter  V,  page  123. 
'  mn  GoiiBtnicttoll  Floors  have  been  described  in  detail 
in  Chapter  IV.  Combination  mill  construction  and  concrete 
flooiB  of  the  Wilson  system  are  also  described  in  Chapter  XXV. 
Bridk  Flow  Arehes  are  now  comparatively  seldom  used  on 
account  of  their  heavy  weight  and  high  cost,  but  for  very  heavy 
loiadB  th^  are  about  the  strongest  type  which  can  be  employed. 
"A  4-inch  brick  arch  of  6-foot  span,  well  grouted  and  leveled 
aS  with  Pdrtland  c^nent  concrete,  should  safely  carry  300  or 
400  pounds  to  the  square  foot.  Experiments  have  shown  that 
biick  arches  will  stand  very  severe  pounding  and  a  great  amount 
of  deflection  without  failure."* 

The  National  Code  requirements  for  brick  arches  are  partly 
as  fdlows: 

Said  brick  arches  shall  be  designed  with  a  rise  to  safely 
eany  the  imposed  load  but  never  less  than  li  ins.  for  each  foot 
of  span  between  the  beams,  and  they  shall  have  a  thickness  of  not 
less  than  4  ins.  for  spans  of  6  ft.  or  less,  and  8  ins.  for  spans  over 
6  ft.,  or  additional  thickness  as  may  be  required  by  the  commis- 
sioner of  buildings.  Said  arches  shall  be  composed  of  good,  hard 
brick  or  hoUow  brick,  ..  .  .  each  longitudinal  line  of  brick  break- 
ing joints  with  the  adjoining  lines  in  the  same  ring  and  with  the 
ring  under  it  when  more  than  a  4-in.  arch  is  used.  The  said 
ar^es  shall  spring  from  protecting  skewbacks  of  burnt  clay 
resting  on  and  covering  the  lower  flanges  of  the  beams,  so  as  to 
afford  a  minimum  protection  of  2  ins.  of  solid  burnt-clay  material 
underneath  the  flanges,  or  otherwise  entirely  encasing  the  said 
flanges  as  provided  for  in  this  section. 

The  Government  Printing  Office  at  Washington,  D.  C,  is  a 
notable  example  of  a  modern  fire-resisting  building  in  which 
brick  floor  arches  were  used.  All  floors  were  proportioned  for  a 
maximum  dead  load  of  125*  pounds  per  square  foot,  and  a  quies- 
cent live  load  of  300  pounds  per  square  foot.  The  floor  construc- 
tion is  as  shown  in  Fig.  47. 

The  machines  in  the  building  are  driven  by  a  large  num- 
ber of  individual  electric  motors,  and,  as  it  is  necessary  from  time 
to  time  to  change  the  arrangement  of  the  machines  and  the 
electric  fights,  the  floor  system  was  dejsigned  witli  especial  refer- 
ence to  the  convenience  of  relocating  the  motors  and  wiring 

•  Kidder's  "Architects'  and  Builders'  Pocket-book,"  page  749. 
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system  so  that  holes  could  be  easily  cut  through  or  be  filled 
up  in  any  place  without  irfjury  to  the  strength  of  the  con- 
struction. Lights  suspended  from  the  ceilings  mifet  also  be 
moved  without  disfiguring  the  ceiling,  and  it  was  decided  to 
take  advantage  of  the  space  afforded  by  the  depth  of  the  long 
span  girders  to  make  the  floors  and. ceilings  separate  with  suffi- 
cient space  between  them  for  a  man  to  pass  through  all  places 
between  girders,  and  to  run  all  wires  and  cables  in  this  space 


Ft  Qis>i  od  Floor 


Cellitii?  Slabs  ^ 


Terra  CoUu 


V°  liars  3  on  0(."nt^« 
C&tiRHitiiud  Sun  [I 


Fig.  47.  —  Brick  Arch  Construction  in  United  States  Printing  Office, 
Washington,  D.  C. 


where  they  are  protected  from  fire  and  are  always  accessible 
through  manholes.  To  this  end  the  floors  have  been  built  and 
the  girders  fireproofed  as  shown,  and  then  the  wiring  has  been 
done  before  the  ceilings  were  built.  .  .  . 

The  segmental  floor  arches  4  inches  thick  are  made  as 
shown  in  the  detail  sections,  with  solid  porous  terra^cotta  bricks 
set  on  very  heavy  skewbacks  of  the  same  material  which  have 
projecting  lips  1§  inches  thick  to  protect  the  lower  flanges  of 
the  floor  beams.  These  lips,  which  are  usually  the  weakest 
point  of  a  beam  protection,  meet  with  a  very  thin  mortar  joint 
and  are  believed  to  be  strong  enough  to  resist  any  ordinary  fire 
stream  unless  accompanied  by  prolonged  and  very  intense  heat. 
Where  it  would  have  been  difficult  to  build  the  brick  arches  on 
account  of  irregular  beam  framing  or  where  it  was  desired  to 
have  a  sloping  floor  on  level  beams,  the  arches  were  replaced  by 
steel-concrete  slabs  with  the  beams  entirely  enclosed  in  the 
concrete.  .  .  . 

The  lower  flanges  of  the  main  girders  are  protected  by 
shoes  of  solid  porous  terra-cot ta,  2 J  inches  thick,  filled  with 
mortar  and  squeezed  on.  They  are  then  wrapped  with  wire 
lath,  plastered  with  cement  mortar,  and  the  4-inch  walls  of 
solid  porous  terra-cotta  are  built  up  each  side  of  the  girder  web, 
and  the  spaces  between  the  terra-cotta  and  the  girder  are  filled 
soJ/d  with  cement  mortar.  .  .  . 
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^P         The  ceiliiig  beam^  arfi  3  inches  deep,  aljout  3  feet  apart, 
f     and  support  on  their  iawer  flanges  iranfivers*^  T-bars  2  feet 

apart.     These  T-barH  carry  2-inclj  wlaba  of  cement  and  sand, 

reinforced  witli  a  tee  J  rrxls.* 

Brick  arches  as  used  in  the  driveway  of  the  United  States 
I  Court  House  and  Post  OfDee  at  l^oa  Angeles,  Cal.,  are  shown  in 
[Fig.  4S.  The  coiistniction  consists  of  a  4-inch  brick  areh,  with 
[i-in.  tie  rods  6  ft.  wntern,  concrete  leveUng  up  to  IJ  ins.  above 


^v^ 


1:2:5  Stone  Copcrete* 


,WQter-prooflt)ff  ^ 


^— ^      U  Tic  Rod 


^^ 


Ssit^'jaB      Stit'lf-L*. 
15  Ti 


I 
I 


^ 


Fig*  4B,  —  Brit^k  Arcb  CouaLnj Lotion  m  Post  Office  Building.  Lois  Aofleles,  CaJ^ 

beam«,  a  waterproofing  course  of  thwe  layers  of  asphalt  felt  laid 
in  hot  asphah.,  4  iiis.  of  stone  concrete,  and  a  l-in,  granolithic 
finish, 

Terra-€«tta  FSoor  Archer  are  considered,  as  to  various 
phase^j  in  olljcr  r linpters,  as  follows: 

Behavior  of  tile  arches  in  actual  fires  and  conflagrations, 
Chaptera  VI,  VJl  and  XVII. 

The  tire-resisting  qvialities  of  the  different  varieties  of  terrar 
cotta,  Chapk'r  VI F. 

Present  forms  of  terra-cotta  floor  arches,  ct*^,  Chapt-era  XVII 
and  XXIV. 

Teats  of  terra-cotta,  fJoora,  Chapter  XVII. 

Combination  torra-cotta  and  concrete  floors.  Chapters  XIX 
and  XXIV, 

Concrete  Floors  are  considered,  as  to  various  phases,  in 
other  chapters  as  foUows: 

The  fire-resisting  quahties,  thermal  conductivity,  etc.,  of  (Con- 
crete, ako  the  behavior  of  concrete  in  the  San  Francisco  fire, 
Chapter  VI L 

The  protective  and  corrosive  qualities  of  concretes.  Chapter 
Vlll. 

♦  The  Entjinetrinu  Record.  Det)ember  S,  1SQ2. 
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Present  forms  of  concrete  floor  construction,  Chapters  XVIII 
and  XXV. 

Tests  of  concrete  floors,  Chapter  XVIII. 

Combination  terra-cotta  and  concrete  floors.  Chapters  XIX 
and  XXIV. 

Combination  concrete  and  mill-construction  floors.  Chapter 
XXV. 

Guastavino  Floor  and  Dome  Construction.  —  The  Guas- 
tavino  Timbrel  Vault  construction,  though  not  so  generally 
comprehended  as  most  of  the  modem  commercial  types  of 
fire-resisting  arches,  is,  in  fact,  the  oldest  special  system  in  con- 
tinuous application  in  this  country.  It  was  first  installed  in  a 
large  way  in  the  Arion  Club  in  New  York  City  in  1886,  and  in 
1889-91  were  built  the  floors  of  the  Boston  Public  Library,  aU 
of  which  are  of  the  Guastavino  type.  These  arches  presented 
practically  the  same  problems  and  methods  as  are  used  today. 
There  has  been  no  change  in  the  principle,  simply  a  wider 
application  and  a  gradual  turning  towards  finished  and  decora- 
tive effects  through  the  use  of  pressed  and  glazed  tile  in  the  soflBit 
course,  a  construction  with  incidental  decoration. 

This  system  was  introduced  into  this  country  by  Mr.  Rafael 
Guastavino,  an  architect  and  native  of  Spain.  It  is  simply  an 
adaptation  of  ancient  methods  to  modern  materials  through  the 
use  of  thin  tiles  about  1  inch  in  thickness  and  6  inches  in  width 
and  in  various  lengths,  and.  of  the  necessary  number  of  courses 
to  give  the  required  strength,  securing  through  this  method,  by 
laying  in  broken  joints,  a  large  bonding  area  making  a  light  and 
thoroughly  cohesive  arch. 

It  is  best  adapted,  and  has  been  many  times  applied,  to  all 
the  various  forms  of  architectural  vaulting,  such  as  the  large 
barrel  or  segmental  arch,  running  up  to  a  span  of  70  feet,  as 
illustrated  in  the  ceiling  of  the  Fine  Arts  Building  at  St.  Louis, 
Cass  Gilbert,  architect;  the  groined  and  four-sided  arch,  as 
used  in  the  construction  of  the  roof  of  the  Rodef  Sholem  Syna- 
gogue at  Pittsburgh,  Palmer  and  Hornbostel,  architects  (a  clear 
span  of  90  feet,  sprung  from  a  rectangular  base,  with  no  steel); 
the  spherical  dome,  as  built  in  the  Cathedral  of  St.  John  the 
Divine,  Heins  and  La  Farge,  architects  (with  a  span  of  135  feet 
at  the  base,  the  dome  being  built  overhand  without  centering 
or  scaffolding);  and  the  floor  dome  of  varying  sizes,  reaching 
a  present  maximum  in  the  dome  of  the  National  Museum  at 
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fWashingt^n,  Hornblower  and  Marsludl,  jin-hitort^i,  (a  c  lt\ir  apart 
of  80  feet,  without  steel,  forming  the  KirKrat  niihsiinry  flf>nr  dimie 
in  the  world).  Under  ordinary  conditions  for  work  c^f  this  rluir- 
acter  involving  large  free  spans,  particularly  for  roof.s,  there  is 
no  system  of  such  economical  apfdiriition. 
The  most  common,  ecoaomiral  and  efficient  type  of  JlfK^r  con- 

Istniction  in  this  vaulting  is  wh;it  is  cjdlctl  the  ''rib  and  dome/^ 
an  illustration  of  which  is  given  in  Fig,  49,  which  shows  the  first 
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building,  and  which  is  designed  for  a  safe  load  of  4(K)  pounds  per 
square  foot, 

Design  of  Floor  System.*  —  The  type  of  floor  arch  selected 
for  any  partknilur  building  will  largely  determine  the  conditions 
of  the  steel  framing.  ThaSj  if  any  of  the  '*  long-span  "  const ruc- 
tionK  is  to  l>e  ubchI,  such  as  th('  Johnnon  By^tem^  or  long-span 
reinforced  concrete,  the  columna  should  he  spaceti  so  as  to  divide 
the  floor  area  into  hays  of  a  proper  length  and  width  to  suit  the 
econornic^d  use  of  the  typc»  nf  arch  nr^lcftcML  For  8unh  cases^ 
floor  beams  are  not  required,  hut  girfiers  only  are  run  frftni 
column  t'O  column.  If  the  arch  is  segmental  in  form,  tie-rods 
are  neeeasary. 

If  a  short  span  or  orflinary  construction  is  to  be  used,  the  liaya 
kmust  be  divided  by  floor  beams,  spaced  ordinarily  5  ft,  to  7  ft. 
^centers. 

Before  these  flteel  girders  and  beams  can  be  calculated  as  to 
strength,  the  question  of  floor  loads  must  be  determined. 

Floor  Loads*  —  The  loads  usually  affecting  the  floor  system 
arc: 

Dead  Loads^  comprising  the  weight  of  girders  and  beams,  the 
arch,  concrete  or  other  filling,  suspended  ceiling,  if  usedj  plaster- 
ing, screeds,  and  finished  fltxiring. 

Not(\  —  In  office  buildings,  part. it  ions  Ix^tween  offices  arc 
usually  rated  as  deati  load  at  so  much  per  square  foot  of  florjr 
surface,  owing  to  the  liability  of  change  in  position,  to  suit  the 
requirements  of  tenants. 


Deafl  loafla,  sufficiently  accurate  for  use  in  calculating  thfi- 
steel  members,  are  given  for  many  type^s  of  floors  described  in 
Chapters  XVII,  XVIIl  and  XIX. 

tHher  data  useful  in  estimating  the  dead  load  of  floors  an 
as  folio wsr 

Lb.  per  sq,  ft. 

|-in.  Georgia  pine  or  maple  flooring 4 

|-in.  Kprtice  under  flooring 2 

Cement  tile  or  marble  floors,  1  in.  thick. . 10 

Cinder  concrete,  per  inch  of  thickness S>J 

Two  coats  plsj*ster  on  sofliit  of  floor  arches 6 

Suspc^nded  ceiling  with  tJriree  coats  piaster 9 

*  For  a  morfi  exk^rnied  dJJS<cuBsioD  of  Floor  Design,  ineludtag  Beains^  Girdeim, 
Methodn  of  CakrulaUun,  ctc.»  eefe  the  author's  "Archilectural  Engineering," 
John  }\'i}ey  A  Sous, 


i 
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lAoe  loadSf  comprising  the  people  in  the  building,  furniture, 
naovable  contents  and  small  safes,  etc.,  are  usually  specified  in 
local  building  ordinances,  according  to  the  purposes  for  which 
the  building  is  intended.  If  the  designer  is  not  limited  by  such 
requirements,  the  following  live  loads,  recommended  in  the 
National  Code,  may  be  used: 

Dwellings,  apartment  houses,  hotels  and  lodging  houses, 
60  lbs.  per  sq.  ft. 

Office  buildings,  150  lbs.  on  first  floor,  75  lbs.  on  upper 
floors. 

Schools  and  stablei?,  75  lbs.  per  sq.  ft. 

Place  of  public  assembly,  90  lbs.  per  sq.  ft. 

Ordinary  stores,  light  manufacturing  and  light  storage,  125 
lbs.  per  sq.  ft. 

Heavy  storage,  warehouses  and  factories,  150  lbs.  per  sq.  ft. 

Roofs,  pitch  less  than  20  degrees,  50  lbs.  per  sq.  ft. 

Roofs,  pitch  over  20  degrees,  30  lbs.  per  horizontal  ft. 

Calculations  of  Beams  and  Girders.  —  Even  ordinary 
practice  includes  such  great  variations  in  dead  loads,  (due  to 
the  construction  used),  —  in  live  loads,  (due  to  conditions  of 
loading), —and  in  widths  of  arch  spans  and  lengths  of  panels, 
that  tables  of  floor-beam  sizes  and  weights,  of  any  general 
applicability,  are  well-nigh  impossible.  For  usual  conditions 
the  floor  beams  may  be  determined  by  means  of  the  tables  for 
"safe  distributed  loads"  as  given  in  the  handbooks  issued  by 
some  of  the  steel  companies.  These  tables  give  the  loads,  in 
tons  of  2000  pounds,  which  the  various  sizes  and  weights  of 
beams  and  channels  will  safely  carry  (distributed  uniformly 
over  the  length)  for  distances  between  supports  as  tabulated. 

Or,  if  a  section  is  to  be  selected  to  carry  a  certain  load  for  a 
length  of  span  already  fixed,  as  is  usually  the  case  in  building 
design,  the  required  beam  or  channel  may  be  determined  by 
means  of  the  coefficients  given  in  tabular  form  for  all  rolled 
sections.  For  a  uniformly  distributed  load  these  coefficients 
are  obtained  by  multiplying  the  load,  in  pounds  uniformly  dis- 
tributed, by  the  span  length  in  feet.  Such  maximum  coefficients 
of  strength  for  I-beams  and  channels  of  difi'erent  sizes  and 
weights  per  foot  are  given  in  the  handbooks  issued  by  the 
Carnegie  Steel  Company,  and  the  Pencoyd  Iron  Works,  etc. 

Beam  tables  for  three  conditions  of  loading  are  given  in  the 
following  paragraph. 
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For  the  simplest  cases,  girders  may  also  be  determined  by 
means  of  coefficients,  as  explained  above.  If  the  beam  load  to 
be  carried  by  the  girder  occurs  at  its  center  point,  multiply  the 
concentrated  beam  load  by  2,  and  then  consider  it  as  uniformly 
distributed.  If  the  girder  supports  beams  of  equal  loads  at 
points  distant  one-third  the  span  from  each  end,  the  equivalent 
uniformly  distributed  load  on  the  girder  may  be  found  by 
multiplying  one  of  the  concentrated  beam  loads  by  2 J. 

Beam  Tables.  —  "The  following  tables  may  be  used  in 
making  approximate  estimates  and  in  checking  the  computar 
tions  for  any  particular  floor.  The  sizes  of  I-beam  given  may 
be  safely  used  where  the  total  live  and  dead  load  does  not  exceed 
the  value  given  in  the  headings.  The  total  load  should  include 
sufficient  allowance  for  the  weight  of  any  partitions  that  the 
floor  beams  may  be  called  upon  to  support."* 


SIZES  AND  WEIGHTS  OF  I-BEAMS  FOR  FLOORS  IN  OFFICES. 
HOTELS  AND  APARTMENT  HOUSES. 

Total  load,  120  pounds  per  square  foot. 


Span 
of 

Distance  between  centers  of  beams.                   -  • 

beams 

in  feet. 

4|  feet. 

5  feet. 

5h  feet. 

6  feet. 

7  feet. 

Ins. 

Lbs. 

Ins. 

Lbs. 

Ins. 

Lbs. 

Ins. 

Lbs. 

Ins. 

Lbs. 

10 

6 

12i 

6 

12} 

6 

12} 

6 

12} 

7 

15 

11 

6 

12i 

6 

12} 

7 

15 

7 

15 

7 

15 

12 

6 

12i 

7 

15 

7 

15 

7 

15 

8 

18 

13 

7 

15 

7 

15 

7 

15 

8 

18 

8 

18 

14 

7 

15 

8 

18 

8 

18 

8 

18 

9 

21 

15 

8 

18 

8 

18 

8 

18 

9 

21 

9 

21 

16 

8 

18 

9 

21 

9 

21 

9 

21 

10 

25 

17 

9 

21 

9 

21 

9 

21 

10 

25 

10 

25 

18 

9 

21 

9 

21 

10 

25 

10 

25 

12 

31i 

19 

9 

21 

10 

25 

10 

25 

10 

25 

12 

31i 

20 

10 

25 

10 

25 

12 

3I5 

12 

3U 

12 

3l| 

21 

10 

25 

12 

31i 

12 

31i 

12 

3I2 

12 

31J 

22 

10 

25 

12 

3I5 

12 

31i 

12 

31J 

15 

42 

23 

12 

31i 

12 

su 

12 

3H 

12 

31§ 

15 

42 

24 

12 

31i 

12 

31- 

12 

31i 

15 

42 

15 

42 

25 

12 

31^ 

12 

31- 

15 

42 

15 

42 

15 

42 

♦  i2udo]ph  P.  Miller,  in  Kidder's  "Architects*  and  Builders'  Pocket-book." 
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SIZES  AND  WEIGHTS  OF  I-BEAMS  FOR  FLOORS  IN  RETAIL 

STORES  AND  ASSEMBLY  ROOMS. 

Total  load,  200  pounds  per  Bquare  foot. 


r 

Dlatanoe  between  oeotera  of  beams. 

beama 

in  feet. 

4ifeet. 

5  feet. 

51  feet. 

6  feet. 

7  feet. 

Ins. 

Lbs. 

Ins. 

Lbs. 

Ins. 

Lbs. 

Ins. 

Lbs. 

Ins. 

Lbs. 

10 

7 

15 

7 

15 

7 

15 

8 

18 

8 

18 

11 

7 

15 

8 

18 

8 

18 

8 

18 

9 

21 

12 

8 

18 

8 

18 

9 

21 

9 

21 

9 

21 

13 

8 

18 

9 

21 

9 

21 

10 

25 

10 

25 

14 

9 

21 

9 

21 

10 

25 

10 

25 

12 

31 

15 

9 

21 

10 

25 

10 

25 

12 

31 

12 

31 

16 

10 

25 

10 

25 

12 

31 

12 

31 

12 

31 

17 

10 

25 

12 

31J 
31^ 

12 

31 
31 

12 

31 

12 

40 

18 

12 

31 

12 

12 

12 

40 

12 

40 

19 

12 

31 

12 

31 

12 

40 

12 

40 

15 

42 

20 

12 

31} 

12 

40 

12 

40 

15 

42 

15 

42 

SIZE^  AND  WEIGHTS  OF  I-BEAMS  FOR  FLOORS  IN  WARE- 
HOUSES. 

Total  load,  270  pounds  per  square  foot. 


Span 
of 

Distance  between  centers  of  beams. 

beams 

in  feet. 

4}  feet. 

5  feet. 

5h  feet. 

6  feet. 

6}  feet. 

Ins. 

Lbs. 

Ins. 

Lbs. 

Ljs. 

Lbs. 

Ins. 

Lbs. 

Ins. 

Lbs. 

10 

8 

18 

8 

18 

8 

18 

9 

21 

9 

21 

11 

8 

18 

9 

21 

9 

21 

9 

21 

10 

25 

12 

9 

21 

9 

21 

10 

25 

10 

25 

10 

25 

13 

10 

25 

10 

25 

10 

25 

12 

3H 

12 

3U 

14 

10 

25 

12 

31 

12 

31i 

12 

31* 

12 

3U 

15 

12 

31i 

12 

31i 

12 

3U 

12 

31i 

12 

40 

16 

12 

31 

12 

3U 

12 

314 

12 

40 

12 

40 

17 

12 

31 

12 

40 

12 

40 

12 

40 

15 

42 

18 

12 

40 

12 

40 

15 

42 

15 

42 

15 

42 

19 

12 

40 

15 

42 

15 

42 

15 

42. 

15 

42 

20 

15 

42 

15 

42 

15 

42 

15 

45 

15 

55 

Tie-rods,  between  the  beams,  are  required  for  any  arched 
form  of  floor,  whether  flat  or  segmental,  in  order  to  take  up  the 
arch  thrusts.    This  is  especially  true  in  the  outside  pasi^Va, 
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where  the  thrusts  against  the  outside  framing  members  or  walls 
would  cause  spreading  unless  tie-rods  or  other  tension  members 
were  provided.  If  all  bays  of  the  floor  system  were  always 
loaded  equally,  tie-rods  would  be  theoretically  unnecessary 
(except  in  outside  bays),  as  the  thrust  of  one  arch  would  be 
counteracted  by  the  equal  thrust  of  the  adjacent  arch.  But 
varying  live  loads  make  tie-rods  necessary,  and  practical  con- 
siderations in  erection  make  them  advisable  for  almost  all  types 
of  floors. 

Tie-rods  should  line,  if  practicable,  from  beam  to  beam  for 
the  entire  floor  area.  Where  I-beams,  channels  or  girders  do 
not  occur  in  or  against  the  outside  walls,  the  tie-rods  should 
be  anchored  into  the  masonry  by  means  of  washer,  plates.  Tie- 
rods  should  be  placed,  vertically,  as  near  the  line  of  thrust  of  the 
arch  as  possible.  This  is  generally  below  the  center  of  the 
beam.  One-third  the  depth  of  the  beam  up  from  the  bottom  is 
good  practice. 

In  average  practice,  tie-rods  are  not  figured,  but  are  spaced 
by  "  rule-of-thumb "  methods,  usually  at  intervals  of  about 
eight  times  the  depth  of  the  floor  beams,  but  never  exceeding 
8  feet.  For  terra-cotta  arches  in  interior  bays  the  following 
rule  is  adequate: 

Spans  6  feet  and  under,  }-in.  diam.  rods,  5-ft.  centers. 

Spans  6  feet  to  7  feet,  J-in.  diam.  rods,  5-ft.  centers. 

Spans  7  feet  to  9  feet,  |-in.  diam.  rods,  4-ft.  centers. 

Safes.*  —  An  ordinary  office  safe  is  about  3  feet  wide,  2§  feet 
deep  and  5  feet  high,  weighing  about  3500  pounds.  Somewhat 
larger  sizes,  also  frequently  used,  weigh  about  5000  pounds. 
Reducing  these  weights  to  a  uniformly  distributed  floor  load  for 
the  area  occupied  will  give  about  450  pounds  per  square  foot. 
While  this  load  is  not  excessive,  under  proper  conditions,  for  a 
floor  arch  of  an  ultimate  capacity  of,  say,  1000  pounds  per  square 
foot  (thus  giving  a  factor  of  safety  of  two),  the  method  of  support 
is  very  important.  It  is  obvious  that  a  factor  of  safety  of  two 
under  normal  static  conditions  does  not  constitute  reasonable 
leeway  for  the  weakening  of  a  floor  arch  under  fire  test,  especially 
if  we  add  the  impact  of  falling  debris  and  the  falling  or  settling 
of  a  heavy  safe.  Yet  the  prevalent  custom  of  supporting  safes 
of  the  above  weights  on  wood  floors  and  wood  stands  or  bases 
produces  just  these  conditions  in  case  of  severe  fire.  Numerous 
*  For  further  data  regarding  portable  safes  see  Chapter  XXVII. 
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fires  have  demonstrated  both  the  folly  and  the  danger  of  this 
practice.  The  damage  wrought  by  falling  safes  in  the  Equi- 
table Building  in  the  Baltimore  fire,  and  in  the  Home  Life 
Insurance  Building  fire,  has  been  described  in  Chapter  VI. 
The  report  of  Mr.  W.  C.  Robinson  on  the  Parker  Building  fire 
contained  the  following: 

The  support  of  heavy  safes  and  machinery  on  wood  floors 
and  wood  skids  in  fireproof  buildings  is  a  menace  to  both  life 
and  property,  and  should  be  absolutely  prohibited.  Heav^ 
shaftmg  should  be  attached  to  ceilings  in  such  a  manner  that  it 
will  not  fall  as  a  result  of  fire. 

floors  are  seldom  designed  to  withstand  the  impact  result- 
ing from  the  dropping  or  overturning  of  heavy  safes,  which  are 
often  supported  six  to  twelve  inches  above  the  floor  and  com- 
monly weig^  from  three  to  six  tons.  These  loads  should  be 
safely  distributed  bv  means  of  steel  framing  resting  on  non- 
combufftible  material. 

Safes  weighing  more  per  square  foot  than  one-half  the  ultimate 
capacity  ci  the  floor  arch  should  be  cared  for  by  means  of  special 
supports  in  the  floor  framing. 

Insulated  Floors,  for  use  in  refrigerating  rooms,  etc.,  may 
be  made  as  follows: 

TUe  Arch.  —  Three  inches  of  matched  top  flooring,  2  layers 
building  paper,  1  inch  of  matched  sheathing,  screeds  or  sleepers 
laid  in  6  inches  of  cinder  concrete,  tile  arch  with  two  air  spaces, 
cement-plaster  ceiling. 

Concrete  Arch.  —  Two  inches  of  matched  flooring,  2  layers 
building  paper,  1  inch  matched  sheathing,  4-in.  by  4-in.  sleep- 
ers filled  in  between  with  mineral  wool,  double  1-in.  matched 
sheathing  with  2  layers  of  paper  between,  12-in.  cinder  concrete 
slab. 

An  insulated  floor  as  used  in  a  brewery  at  Norristown,  Pa., 
is  shown  in  Fig.  50.  The  room  over  the  floor  was  under  a 
pitched  roof  and  fairly  warm,  while  the  cold  storage  room  below 
the  floor  was  kept  at  a  temperature  of  28  degrees.  No  con- 
densation has  occurred  at  the  attic-floor  level,  even  under  the 
warmest  summer  conditions. 

Waterproofing.  —  In  the  description  of  the  Roosevelt  Build- 
ing fire  in  Chapter  VI»  attention  was  called  to  the  great  damage 
done  to  stock,  etc.,  in  the  lower  stories  by  water  leaking  through 
the  various  floors  under  the  fire.  This  has  been  a  common  ex- 
perience in  fires,  showing  that,  ordinarily,  fire-res^stm^bviA^im'^ 


are  by  no  means  water-resisting.  Some  types  of  fire-resisting 
floorw,  efipeeially  (hose  made  of  shallow  tile  or  tliin  t^kbs  of 
cinder  concrete,  ]>*?rmit  the*  pa^sagfi  of  water  to  sueh  an  ejctent 
as  to  make  waterproofing  absolutely  necessary  if  water  damage, 
as  well  aa  fire  damage,  is  to  be  minimized;  but  even  in  those 
cases  where  the  arch  oonstructiou  is  reasonably  waterproof  in 
itselfj  it  will  often  be  found  that  openings  exist  in  the  floora 
through  which  water  may  pass,  if  not  around  steam  or  other 
piping,  at  least  around  columns.  For  these  reasons,  the  water- 
proofing, by  some  means,  of  all  floors  in  fire-reaiating  buildings 
is  a  necessity  which  should  be  cared  for  in  the  plans  and  specifi- 
cationa*  The  more  valuable  the  stock  to  be  carried  tlie  more 
necessity  for  adei|uatc  waterpr<:»ofing. 
The  waterpwoiing  of  floors  may  bo  accomplished  by  using 
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an  impen,'iouH  finisht^i  flooring,  suefi  as  terrazo,  or  by  using 
an  under  coating  of  tar  paper,  felt,  etc,  8p«4ficationa  of  United 
States  Govern ttieut  Ituildlngs  often  require  three  layers  of  asphalt 
felt,  laid  in  hot  a^sphalt^  an  shoifVTi  in  Pig.  48*  Tlie  committee 
on  firo-resisting  buildings  of  the  National  Fim  ProttK^tion  Asso- 
dation  recommended  as  foUows: 

Every  floor  to  be  made  water-tight  by  a  special  surfacing 
or  stratum  impervious  to  water,  with  special  precautions  taken 
at  coiumns,  walls,  and  at  atair-,  pipe-,  wire-,  hghting  fixture-  or 
other  openings. 

Note,  ~Thm  waterproofing  t^o  be  completed  after  plumb- 
ers, electricians,  etc.,  have  done  their  work.  Water-tight  curbs 
at  least  12  ins.  high  are  recommended  as  additional  precautiona 
at  each  floor  about  piiH^,  etc.,  winch  p.xsa  through  the  floor. 

Storage  warehouses,  manufacturing  and  similar  comniercial 
hnildings,  CJspeeially  where  containing  valuable  stock  or  con- 
tents, should  be  provided  with 
scuppers  at  each  floor  leveL 
These  should  be  placed  at  suit- 
able intervals  in  the  exterior 
wall;*  with  the  idea  of  carrying 
off  the  water  from  hose  streams 
or  sprinklers,  in  ca.se  of  fire. 
Such  scuppers  should  be  made 
of  cast-iron,  the  opening  at 
floor  leveJ  to  be  4  ins,  by  12 
ins.  in  size,  pitching  down  to 
a  4-in.  square  opening,  with  a 
flap  covej*  at  the  outiside  wall 
line»  as  shown  in  Fig.  51. 

Floor  Holes  for  Hos€  ija 
first  or  ground  floors,  to  give 
access  for  hose  streams  into 
basements,  arc  soinetiiaea  re- 
quired by  local  ordinances.  The 
following  ordinance  is  in  force 
in  San  Francisco: 


51.  —  Souppef . 


Sbction  L     In  order  to  enable  the  fire  department  of  tiie 
City  and  County  of  San  Francisco  to  promptly  reach  a,nd  ex- 
tinguish fire-6  occurring  in  the  l)asemcnt.a  of  buildings  in  said 
City  and  County,  and  which  basements  are  biiing  need,  or 
to  be  used,  for  the  storage  of  goods  or  merchandise,  m\AiCiM\. 


r  are     ^^ 
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the  loss  of  valuable  time  in  having  to  cut  holes  through  wood 
and  concrete  floors  over  such  basements  for  the  purpose  of 
gaining  access  thereto,  every  building  already  erected  and  every 
building  hereafter  erected  in  said  City  and  County,  where  the 
basement  thereof  is  being  used,  or  is  to  be  used,  for  the  storage 
of  goods  or  merchandise  of  any  description,  shall  be  provided 
with  ground  floor  pipe  casing  holes  constructed  in  and  through 
the  floor  of  the  first  story  of  such  building,  extending  down  to 


FiQ.  52.  —  Ground  Floor  Pipe  Casing  for  Hose. 


and  even  with  the  basement  ceiling,  or  bottom  of  floor  joists  of 
such  first-story  floor,  so  as  to  enable  the  said  fire  department 
to  put  a  water-circulating  nozzle  through  for  the  prompt  extin- 
guishment of  any  fire  occurring  in  any  such  basement.  Such 
ground  floor  pipe  casing  holes  shall  be  constructed  according  to 
the  plan  therefor  on  file  in  the  office  of  the  Board  of  Public 
Works  of  said  City  and  County  and  shall  be  located  and  of  such 
number  as  may  be  determined  upon  by  said  Board»of  Public 
Works  after  a  consultation  held  for  the  purpose  with  the  Chief 
Engineer  of  said  fire  department  or  an  assistant  engineer  thereof, 
such  number  not  to  exceed  one  to  every  sixteen  hundred  feet  of 
Uoor  surface  or  part  thereof. 
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Section  2.  No  goods  or  merchandise  of  any  description  shall 
be  stored  in  any  such  basement  in  such  manner  as  to  interfere 
with  the  proper  working  of  the  water  circulating  nozzle  used  by 
said  fire  department  which  will  pass  through  any  of  such  ground 
floor  pipe  casing  holes;  and  no  goods,  merchandise  or  any  other 
obstruction  shall  be  placed  over  the  cover  of  any  of  such  groimd 
floor  pipe  casing  holes,  on  the  floor  of  the  first  stonr;  and  all 
such  covers  must  at  all  times  be  kept  clear  of  all  obstruction, 
so  as  not  to  interfere  with  their  prompt  use  by  said  fire  depart- 
ment in  case  of  fire. 

The  standard  pipe  casing  referred  to  in  the  above  is  illustrated 
m  Fig.  52. 

Portland,  Oregon,  and  Los  Angeles,  Cal.,  have  similar  ordi- 
nances. The  latter  requires  8-inch  pipe  inlets  in  the  ground 
floor,  spaced  every  80  feet  in  depth  of  building,  with  two  inlets 
every  80  feet  where  width  of  premises  is  more  than  50  feet. 

Cinder  Concrete  "Fill."  —  The  concrete  used  for  leveling 
up  between  beams  and  for  filling  in  between  nailing  strips  is 
often  very  defective  in  quality.  It  is  generally  termed  "filling", 
and  is  conunon  to  terra-cotta  floors  and  to  most  forms  of  concrete 
floors.  A  light  incombustible  mixture  of  almost  any  variety  is 
supposed  to  answer  the  purpose  of  filling  in  the  spaces  between 
the  sustaining  arch  or  slab  and  the  finished  floor,  thus  preventing 
a  free  circulation  of  hot  air  or  flame.  Its  ability  to  contribute 
materially  either  to  the  strength  of  the  arch  or  to  the  fire-re- 
sisting qualities  of  the  arch  is  not  usually  considered  a  requisite. 
The  concrete  is  rather  considered  of  secondary  importance. 
This  practice  is  decidedly  wrong,  and  poor,  weak  or  mud  mix- 
tures should  not  be  tolerated.  Much  depends  upon  the  concrete 
filling  to  protect  the  arches,  particularly  if  of  terra-cotta,  against 
sudden  blows,  and  to  distribute  properly  the  floor  loads,  as  well 
as  the  loads  resulting  from  column  casings,  partitions  or  other 
concentrated  loads.  The  concrete  is  also  valuable  as  a  means 
of  added  stiffness  in  the  floor  system.  The  lack  of  lateral  strength 
often  developed  by  poorly  Constructed  hollow-tile  floor  arches 
was  commented  upon  in  the  report  of  the  engineers  appointed 
to  examine  the  Home  buildings  in  Pittsburgh,  after  the  fire  which 
destroyed  them. 

Floorings. — The  question  of -finished  flooring  is  largely 
dependent  upon  the  use  to  which  the  building  is  to  be  put.* 

♦  Or,  sometimes,  upon  the  height.  The  New  York  Building  Law  requires 
floors  of  acceptable  incombustible  material  in  all  buildings  over  150  feet  ia 
height. 


340         FIRE  PREVENTION   AND   FIRE  PROTECTION 

Heretofore,  wood  floors  have  been  used  in  almost  all  types  of 
structures  for  several  reasons,  —  because  they  have  been  the 
usual  practice,  because  they  have  been  cheap,  and  because  they 
have  generally  been  considered  pleasing  in  appearance  and  easy 
under  foot.  But,  theoretically  and  practically,  wood  floors  are 
inconsistent  with  fire-resisting  design,  and  undesirable  in  many 
ways.  They  not  only  contribute  just  so  much  combustible 
material,  but  they  serve  to  carry  fire  as  well,  especially  when 
oil-soaked,  as  is  so  common  in  factories.  On  the  other  hand,  in 
those  buildings  where  the  floors  are  much  used  by  people,  and 
where  carpeting  is  impossible,  wood  floors  are  greatly  prefened 
as  being  less  cold  and  trying  to  the  feet  than  any  substitute. 
Thus  factory  owners  find  that  their  operatives  often  complain 
of  rheumatism  and  fatigue  (especially  when  on  their  feet  a  con- 
siderable portion  of  the  time)  occasioned  by  cement  or  grano- 
lithic floors. 

While  the  general  use  of  fire-resisting  floorings  is  admittedly 
most  difficult  to  attain  in  actual  practice,  still  great  progress  has 
been  made  along  this  line  in  very  recent  years.  The  great  in- 
crease in  cement  floors  may  be  cited  as  an  example.  Formerly 
hmited  to  use  in  cellars,  laundries  and  such  locations,  they  are 
now  largely  used  in  hotels,  apartment  houses,  etc.,  in  rooms  to 
be  carpeted.  Wood  nailing  strips  are  embedded  in  the  cement 
ground  around  the  perimeters  of  the  rooms,  to  which  the  carpets 
are  fastened.  This  method  is  now  very  generally  employed  in 
the  auditoriums  of  theaters,  while  in  residences  a  cement  or 
granolithic  finish  is  being  largely  used  in  closets,  etc.,  often  with 
a  cement  base,  as  an  added  protection  against  vermin. 

Types.  —  Fire-resisting  floors  include  fireproofed  wood,  cement, 
granolithic,  terrazo,  asphalt,  monohthic,  cork  flooring,  and  marble 
or  tiling, 

Fireproofed  wood  and  monolithic  floors  are  described  in  Chap- 
ter VII. 

Cement  floors  are  usually  made  of  a  1  :  2  cement  mortar,  laid 
i  in.  or  1  in.  thick  upon  the  surface  of  the  slab  or  arch  below, 
and  troweled  to  a  hard  finish.  Such  floorings  should  always  be 
placed  upon  the  concrete  afch  or  filling  before  the  latter  has 
begun  to  set,  otherwise  no  bond  results,  and  the  flooring  will 
prove  unstable,  and  hollow  in  sound.  Cement  floors,  especially 
under  much  wear,  will  generally  prove  unsatisfactory  unless 
covered  with  carpet.    The  surface  soon  dusts  up. 
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Granolilhic  floors  cost  considerably  more*,  wlien  properly  miide, 
than  an  ordinary  cement  floor,  but  the  difference  is  more  than 
made  up  in  the  wearing  quahties.  A  1-ineh  surfacing  of  a  mix- 
ture of  one  part  Portland  cement,  one  part,  sand  ami  one  part 
granite  chips  or  dust  is  laid  over  the  concrete  arch  or  filling  below^ 
before  the  lattei  has  begun  to  set.  This  surfacing  should  not 
be  allowed  to  set  rapidly,  but  should  be  wet  every  day  for  at  ]ea^<t 
a  week.  Tliiig  slow  setting  produces  an  extremely  hard  finish, 
which  reducej^  du.sting  to  a  minimum. 

Asphaltic  floors  are  neither  pleasing  nor  aatiBfactory  for  interior 
use. 

Terrazo,  made  r^f  rnarlile  chif*a  and  cement,  and  marble-, 
encaustic-,  vitreous- ,  and  ceramic- tihng  are  much  used  in  public 
buildings,  banks,  lobbies,  corridors  and  toilet  rooms,  but  are 
usually  unde^sirable  in  other  locationa  on  account  of  being  cold 
and  unpleasant  under  continut^  use. 

Steel-ivoveri  Oak  Fkioring,*  while  by  no  means  thoroughly  fire- 
resisting,  is  still  about  iis  pr^xjf  against  any  ordinary  fire  and 
water  test  as  a  wood  llooring  ean  be  made.  Hence  it  is  suitable 
for  une  in  those  buildings,  public  or  private- — such  as  libraries, 
art  gallenes,  hotels,  residences  or  office  buildings,  etc.,  —  where 
the  fire  hazard  is  comparatively  Hght,  but  where  wood  flooring 
is  desirable  from  the  standpoint  of  either  appearance  or  comfort. 

The  wx'lUknowTi  and  much  mlmired  Engliish  wood-ldock  floor- 
ing is  uauidly  made  of  2-irK  by  12-111.  hard  wood  blocks,  laid 
herring-bone  pattern,  in  hot  pitch  or  itsphaltum;  but  climatic 
conditions,  the  ov«  riieating  of  our  buildings  in  \viuter,  and  the 
usual  halite  of  our  Imildijig  operations,  have  all  contributed  to 
make  this  tj^ye  of  flooring  generally  unsuccessful  in  this  country. 
To  remedy  these  adverse  conditions,  steel-woven  oak  flooring 
is  made  of  4-incli  squares  of  hard  wood,  woven  onto  steel  banda 
which  engage  grooves  in  all  sidcn  of  the  blocks.  A  compression 
or  expansion  space  is  providi3<l  at  the  borders,  so  that  changes  in 
temperature,  moisture  and  even  temporary  flooding  with  water 
will  not  affect  the  permanence  of  the  construction. 

A  very  pleasing  finish  may  he  obtaincfl  by  using  quartered 
oak,  "sap  no  defect,"  wherein  blocks  containing  an  edging  of 
sap  are  scattered  through  the  flooring.  This  gives  an  appearance 
very  similar  to  an  old  English  oak  flixiring,  though  with  markings 
-on  a  larger  scale. 

♦  Made  by  the  Wood-Mosaic  Company,  Inc.,  Roctiosteit  N.  Y. 
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Choice  of  Flooring.  —  Suitable  floors,  from  the  standpoint  of 
fire-resistance,  may  be  selected  for  various  classes  of  buildings 
as  follows: 

Warehouses:  cement  or  granolithic. 

Factories  of  hazardous  tenantry:  cement  or  granolithic. 

Factories  of  light  hazard:  wood. 

Hotels:  marble  or  tile  in  lobbies,  etc.,  mosaic  or  steel- woven 
oak  flooring  in  public  rooms,  cement  in  carpeted  corridors  and 
rooms. 

Apartment  houses:  same  as  hotels. 

Theaters:  cement  covered  by  carpet. 

Schools:  cork  tile  or  linoleum. 

OflSce  buildings:  terrazo  in  corridors,  etc.,  monolithic  or  wood 
in  oflSces. 

Beam-  and  Girder-Protection.  —  The  many  failures  which 
have  resulted  in  time  of  fire  from  the  great  exposure  of  beams 
and  girders  with  insufficient  or  inefficiently  applied  protection, 
show  the  vital  necessity  of  protecting  these  members  as  carefully 
as  ingenuity  can  devise.  Girders,  especially  where  they  project 
below  the  ceiling  line,  as  is  commonly  the  case,  are  much  more 
exposed  to  the  injurious  effects  of  fire  and  water  than  the  floor 
beams.  Intense  heat  is  brought  to  bear  on  the  corners  or  ex- 
terior angles  of  girder-protections,  and  streams  from  fire  hose 
tend  to  tear  off  the  fireproofing.  The  interior  angles  also  create 
dead  air  spaces  at  these  points,  which  cause  the  flame  to  split  or 
separate,  thus  allowing  the  gathering  of  superheated  air  in  the 
interior  angles.  In  tile  construction,  this  often  vitiates  the 
cement  joints,  and  if  the  blocks  are  not  joined  mechanically  they 
are  apt  to  fall  from  position.  Also,  in  concrete  construction,  if 
the  concrete  surrounding  the  lower  portions  of  girders  is  not  of 
sufficient  thickness,  or  is  not  held  in  position  by  means  of  metal 
reinforcement,  great  damage  is  hable  to  ensue. 

Girders  usually  carry  several  or  many  floor  beams,  or  great 
concentrated  loads,  and  the  importance  of  properly  protecting 
them  must  be  in  direct  proportion  to  their  load-carrying  func- 
tions. Questions  of  cost  or  appearance  should  not  be  considered 
to  the  detriment  of  efficient  protection. 

Terra-cotta  beam-  and  girder- protections  are  described  at 
length  in  Chapter  XVII,  where  their  behavior  in  the  Baltimore 
fire  is  also  noted. 

Concrete  beam-  and  girder-protections  are  described  in  Chap- 
iter XF//J. 
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Suspended  Ceilings*  —  Ff>r  all  classes  of  buildings  except 
those  of  very  ho:i\'y  Cinist ruction  used  ftjr  wareliouse  purposeSp 
etc.^  level  ceilings  are  preferable  for  several  reasons. 

Fimt:  The  appraranfe  of  a  fltJ^h,  uid^roken  ceiling  is  usually 
considered  desirahii'. 

Secmid:  A  level  ceiling  will  l>etter  rt* fleet  and  diistrihtde  the 
light  from  windows. 

Third:  A  flush »  unbroken  surface  will  resist  fire  and  water  testfi 
better  than  a  paneled  rt^iMn^j*  as  has  previously  bw^n  pointed  out 
in  diseussinR  lieani-  and  girder-protections. 

Suspendwl  ceilings  are  not  usually  required  in  connection  with 
terra-cotta  floor  systems,  —  uideKS  of  the  segmental  type  —  aa 
the  arch  blocks  generally  project  IjcIIuw  the  beam  soffits,  thus 
giving  a  flush  ceiling  except  where  deep  girders  an?  employed. 
Any  economical  form  of  concrete  slab  or  arch  will,  however, 
require  a  suspended  ceiling  to  give  a  flush  ceiling  surface.  This 
point  should  not  be  overlooked  in  compiiring  either  tite  relative 
efficiency  or  cost  of  hollow  Hie  vs.  concrete  floors. 

It  has  been  shown  in  Chapter  Vll  tliat  metal  lath  and  plaster 
eonstnictions  may  not  be  reganlerl  avS  fire-resistive  under  con- 
ditions approachitjg  any  degree  of  severity.  As  particularly 
regards  nretal  lath  and  plaster  suspended  ceihugs,  this  luis  been 
demonstrated  in  many  fires,  notably  in  the  second  fire  in  the 
Home  Store  Building,  where  such  a  ceiling^  made  of  light  angles, 
metal  lath  and  pliuster,  quickly  wiltetl  under  the  intense  heat 
generati^l  in  the  upper  story. 

It  has  ako  been  shown^  however,  that  such  constructions  may 
be  of  decided  worth  in  protecting  the  more  vahiable  and  vital 
floor  construction  above,  and  that,  while  the  ceiling  may  be  de- 
fltroyc^b  it  may  still  fulfil  the  office  of  protecting  the  floor  slab 
or  arch  and  beam-  and  girder-protections  from  serious  injury* 
From  this  standpoint,  suspendeni  ceilings  are  commendal>le,  l>ut 
their  jxjsitiv^e  value  dejiends  entirely  upon  the  severity  of  the 
fire  te8t  to  which  they  are  subjected,  and,  particularly,  t*)  tho 
poeaibility  of  wa(>er  test  under  hose  streams. 

In  tho  Baltimore  conflagration^  very  few  of  the  floor  arches 
in  the  several  fire-resisting  buildings  were  protected  by  sus- 
pended ceihngs,  and  e\^en  where  used^  such  ceilings  were  usually 
of  a  purely  decorative  nature,  as  in  kibbies,  etc. 

hx  tlje  San  Francisco  buildings,  a  great  many  of  the  floor 
arclies,  both  terracotta  nnd  ccjucrete,  l>ut  particularly  the  latter^ 


344 


FII 


were  protected  by  siLSpended  ceilings;  and  where  the  conditiona 
were  moderate,  as  in  office  buildings,  this  construction  was  gen- 
erally sufficient  to  preserve  the  integrity  of  the  floor  arches  and 
beam-protections  above. 

The  furred  ceilings  were  very  largely  a  lose.  In  buildings 
that  had  been  occupied  for  ordinary  office  purposes,  probably 
not  more  than  20  per  cent,  of  the  furred  ceiUngs  absulutely  came 
down;  the  remaining  80  per  cent,  stayed  in  place,  with  complete 
loss  of  the  plaster,  the  metal  furring  and  lathing^  however/ 
being  in  shape  to  ase  again  with  only  minor  repairs.* 
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But  under  severe  conditions,  where  the  amount  of  combi 
tible  matter  was  greater  than  that  ordinarily  found  in  office 
buildings  (and  In  other  cases  where  hose  streams  have  been  used), 
the  entire  ceiling  Iibh  genenilly  suffered  complete  loss.  In  such 
esses  J  and  also  where  suspended  ceilings  had  not  been  used,  the 
damage  to  concrete  floors  esiwcially  waB  very  apparent  in  many 
inataneea.  In  fact,  Captain  Sewell  goes  so  far  as  to  state  that 
"It  would  seem  that  wherever  reinforced-concrete  floor  con- 
struction is  usf^,  a  furred  ceiling  below  it  should  be  absolutely 
required/'  f 
The  protective  value  of  suspended  ceilings  would  be  greatly 
increased  by  making  such  oonstruc- 
tions  somewhat  heavier  than  ordi- 
nary practice,  and  by  attaching 
them  more  securely  to  the  floor  con- 
struction above.  In  many  of  the  San 
Francisco  buildinj^s  the  light  channels 
of  the  ceil'ng  construction  had  been 
fastened  to  tfie  beams  by  means  of 
Light  wire  clips,  matie  of  about  No.  8 
wire,  bent  around  the  beam  flanges 
as  shown  in  Fig.  53.  These  clips 
were  quickly  heat^  by  fire,  and  their 
straightening  out  soon  allowed  the 
entire  ceding  construction  to  fall. 
The  use  of  copper  wire  to  secure  metal  furring  of  any  kind 
should  never  be  permitted,  as  it  will  fase  at  a  low  temperature 
and  c^use  failure.  It  was  previously  the  practice  in  United 
States  Government  buildings  to  specify  copper  wire  for  lacing 

1  John  Stephen  Sewell ►  United  States  Guologkal  Suni^ey  Bulletin 
sa  72.  t  ifeKf^P  pa«e  121. 


FiQ.  63* — Suspended  Ceilmg 
Wire  Clipa. 
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lath  to  tiie  channels  of  furred  ceilings,  etc.,  but  since  the 
6q>erienoe  in  the  Flood  Building  and  in  the  Post  Office  Building 
at  San  Francisco,  galvanized-iron  wire  has  been  substituted. 

The  employment  of  furred  ceilings,  no  matter  how  moderate 
the  eqKMnire  or  how  careful  the  construction,  should  never  be 
oaoBideEed  sufficient  grounds  for  omitting  efficient  beam  and 
girder  protections.  Any  such  application  of  furred  ceilings  as  is 
ahown  in  Fig.  54  cannot  be  considered  even  moderately  efficient 
for  general  practice. 

Examples  of  suspended  ceilings  of  approved  construction  are 
given  in  connection  with  terra-cotta  and  concrete  floors  in  Chap- 
ters XVII  and  XVIII.    General  specifications  for  suspended 
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CciliOj;  Furring 
-  Objectionable  Type  of  Ceiling  Furring. 


ceilings  and  methods  employed  for  large  ceilings  under  roofs  and 
over  entire  top  stories,  eto.,  are  given  in  Chapter  XXI. 

Selection  of  Floor  Type.  —  The  choice  of  a  satisfactory 
fire-resisting  floor  type  for  any  particular  case  is  dependent  upon 
many  considerations,  but  it  will  be  found  that,  in  the  last  analysis, 
all  of  the  requirements  previously  given  as  essential  to  a  satis- 
factory type  are  dependent  upon  the  three  fundamental  factors  — 
materials,  form  and  workmanship. 

MaieriaU  have  been  discussed  in  Chapter  VII,  and  from  data 
given  there  and  in  Chapters  XVII  and  XVIII  it  may  be  said 
that  no  decided  preference  is  to  be  accorded  either  terra-cotta 
or  concrete  floor  construction.  Good  terra-cotta  work  is  better 
than  poor  concrete  work,  and  vice  versa.  The  advantages  and 
disadvantages  of  hollow  tile  and  concrete  floors  are  pointed  out 
in  Chapters  XVII  and  XVIII  respectively. 
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If  terra-cotta  is  used,  the  material  should  invariably  be  porous 
or  semiporous. 

If  concrete  is  used,  almost  any  aggregate  ordinarily  employed 
will  probably  prove  satisfactory  under  moderate  fire  test,  but  for 
severe  conditions  the  question  of  aggregate  should  be  very  care- 
fully investigated.  The  corrosive  tendencies  of  cinder  concrete 
are  at  least  uncertain. 

In  either  construction,  a  good  quality  of  concrete  "fill"  is 
necessary,  for  reasons  previously  given. 

Form.  —  In  either  construction,  ample  beam-  and  girder-pro- 
tections are  always  requisite.  Level  ceilings  are  preferable  for 
leasons  previously  given,  but  suspended  ceihngs  are  not  de- 
pendable except  under  moderate  conditions. 

Terra-cotta  arches  are  not  suited  to  irregular  conditions  of 
framing,  but  the  blocks  usually  project  below  the  beams,  thus 
giving  a  flush  ceiling  without  the  use  of  suspended  ceilings.  The 
blocks  should  be  of  thick  material,  with  well-rounded  fillets. 

Concrete  floors  are  well  suited  to  irregular  framing,  but  the 
strongest  form,  i.e.  segmental,  and  the  most  usual  form,  i.e.  slab 
construction,  both  require  suspended  ceilings  for  flush  finish. 
The  material  must  amply  protect  the  metal  reinforcement. 

Workmanship.  —  See  especially  Chapter  X. 

Much  terra-cotta  work  has  been  installed  very  carelessly,  even 
under  inspection. 

Concrete  also  requires  careful  supervision  as  regards  the  mix- 
ture of  ingredients,  the  position  and  quantity  of  metal  reinforce- 
ment, and  the  time  required  for  setting  before  forms  may  be 
removed. 


CHAPTER  XII. 
COLUMNS  AND  COLUMN  PROTECTIONS 

Importance  of  Column  Protection.  —  The  most  important 
bad-bearing  members  in  modem  buildings  are,  without  question, 
the  columns.  Interior  columns,  which  are  here  especially  re- 
ferred to  (for  wall  columns  see  Chapter  XX),  stand  isolated  and 
exposed  on  all  sides,  but  form  the  supporting  members  for  areas 
whichy  whoi  fully  or  even  partially  loaded,  induce  strains  of 
often  remarkable  degree;  and  in  buildings  of  great  height,  or  of 
Y&cy  heavy  loading,  the  summation  of  the  loads  in  a  column 
shaft  often  produces  strains  which  but  relatively  few  years  ago 
would  have  been  considered  extraordinary.  In  general,  it  may 
be  said  that  the  higher  the  building  the  greater  become  the 
column  loads;  but  in  special  constructions,  through  the  introduc- 
tion of  heavy  plate-  or  box-girders,  or  through  the  use  of  trusses 
to  carry  floor-  and  column-loads  over  a  clear  space  beneath, 
the  heavy  concentrated  loads  resulting  from  such  construction 
may  exceed  the  loads  found  in  even  the  highest  buildings.  In 
the  Park  Row  Building  in  New  York  city,  thirty  stories  in  height, 
the  heaviest  column  load  is  2,900,000  pounds,  while  in  the 
Waldorf-Astoria  Hotel,  of  moderate  height,  a  column  supporting 
the  large  trusses  over  the  ball-room  carries  a  load  of  5,4Q0,000 
pounds. 

The  absolute  necessity  for  protecting  either  cast-  or  wrought- 
iron  or  steel  columns  against  fire  has  already  been  pointed  out  in 
Chapter  VII. 

The  importance  of  properly  fireproofing  a  column  or  structural 
member  increases  in  proportion  to  the  service  rendered  —  that 
is,  the  load  carried  —  and  also  in  proportion  to  the  exposure  to 
fire  reasonably  to  be  expected.  Thus  basement  and  lower-story 
columns  should  be  given  more  efficient  protections  than  light 
upper-story  columns,  and  buildings  or  portions  of  buildings,  where 
combustible  contents  are  liable  to  exist  in  quantity,  demand, 
particularly,  better  column  protection  than  would  naturally  be 
provided  in 'buildings  containing  less  hazard. 

Experience  shows  that  these  points  are  very  often  ovetVooVL'^* 
347 
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The  steel  frame  is  carefully  designed  for  the  required  dead  and 
live  loads,  and  the  individual  members  are  accurately  pro- 
portioned for  recognized  fiber  strains  computed  by  accepted 
formulas;  but  from  this  point  on,  the  proper  fireproofing  of 
isolated  columns,  which  frequently  demand  architectural  treat- 
ment, or  a  minimizing  of  floor  space,  often  resolves  itself  into  a 
question  of  "how  Uttle"  rather  than  "how  good/*  It  is  not 
uncommon  to  find  that,  after  deducting  three-quarters  of  an 
inch  on  all  sides  for  plaster,  even  less  than  two  inches  remain 
around  important  columns  in  which  space  the  contractor  for 
fireproofing  is  expected  to  place  efficient  protection. 

Past  experience  also  emphasizes  the  folly  of  leaving  the  steel 
columns  and  roof  beams,  etc.,  unprotected  in  attics.  A  number 
of  such  instances  were  given  in  Chapter  VI,  including  both  the 
first  and  second  fires  in  the  Home  Store  Building,  and  the  Roose- 
velt Building,  to  which  should  be  added  the  National  Mechanics 
Bank  and  Calvert  Building  in  Baltimore.  This  practice  of 
neglecting  attic  spaces,  presumably  because  imseen,  has  pre- 
viously been  discussed  in  connection  with  the  first  fire  in  the 
Home  Store  Building  (see  page  140). 

Column  Failures  In  Baltimore  and  San  Francisco  Fires, 
etc.  —  In  the  Baltimore  conflagration  practically  all  the  modem 
structures  tested  by  fire  were  office  buildings,  in  which  only  two 
protected  steel  columns  failed.  The  carelessness  exhibited  in 
the  design  and  execution  of  column  protections  was,  however, 
conspicuous,  as  will  be  pointed  out  in  more  detail  later. 

In  the  San  Francisco  fire  one  of  the  greatest  faults  in  modem 
building  methods  was  shown  to  be  the  inadequate  protection  of 
steel  columns,  owing  to  the  fact  that  many  buildings  which  were 
designed  for  offices,  lofts,  or  for  fight  manufacturing  occupancy, 
were  frequently  used  for  the  storage  of  large  quantities  of  com- 
bustible merchandise,  thus  causing  temperatures  of  greater 
severity  and  duration  than  existed  in  Baltimore.  Not  less  than 
50,  and  possibly  nearly  100,  failures  of  protected  columns  occurred 
in  the  San  Francisco  fire,  a  large  proportion  of  which  were  of 
basement  columns,  "indicating  that  protracted  effects  are  likely 
to  be  at  their  maximum  in  places  where  burning  material  has  its 
combustion  retarded  by  debris,"  *  — a  reason,  additional  to  that 
of  heavy  loads,  for  providing  especially  efficient  protections  for 
basement  columns. 
*  From  Report  of  S.  Albert  Reed  to  National  Board  of  Fire  Underwriters. 
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A  prominont  example  of  coluiim  failui'v  wuh  nlm  nflonltHl  by 
the  Parker  BuildiJig  fire»  dttseribed  in  Cfuipt(*r  \*L  TJk^  inaili*- 
quate  protection  proviiknl  for  the  ctLHt-iiMm  nrluniriH  in  thid 
mercantile  and  light  manufat'turiuf^  buiklinis;  (stH<  jm^t'  ♦i^'*!)  rr» 
suited  in  Lhe  t^oUapse  of  several  t'oIuniiVH  and  (!onH(H|unnt  «rcivt 
damage. 

Buildings  of  large  area  and  buildings  in  whirl]  htrgi*  qnan- 
titics  of  combustible  materiala  art'  iHlcin-dj  rt'tinir*^  hfaviiT  and 
more  oflcient  fireproofing  tlmn  builditiKH  <»f  nintiiTati*  an^a  aikd 
those  containing  limited  quantities  of  fut'l,  Thn  tvud(nn7  \\tiH 
been  toward  lightness  and  clieapne«s,  and  liri»prof>lirig  m 'of ten 
TEiduced  to  a  point  where  tififlatiHfaf'ti>ry  rf'siihs  ean  b<i  rix- 
pected.* 

Actloo  of  Colutiin  Casing;^  In  VarloiiH  Flren.  —  Ahini 
lath  and  Plaster  Frokciwun.  —  Hmgla  metal  htlli  and  plawtcir 
protections  may  saffice  in  moderate  fireaof  t'ompanitively  nhort 
duration^  but  their  employment  under  aevirc  eondiiionN  i^an  be 
considered  only  as  che^iper  suiistitutf*  for  better  methods, 
Many  firea  have  demonwtJTite*!  thn  truth  of  ihin,  lialtimore 
fumkhed  many  examples  of  the  failure  of  iiurtaj  lath  and  ithmU^r 
partitions,  girder  coverings,  etc. 
The  summary  of  Proffssor  HouM  regarding  the  tMcusney  of 
and  pkster  protectionji  an  exhibitiyl  in  ib«  Han  Fmn- 
haa  previously  been  given  in  Chapter  VU,  ptH^s  'Mi, 
to  this  authority  atl  lath  and  phyit^ff  pnt^^ftirifui  w«ra 
be  totally  inad^^^uate,  but  thk  view,  aim  bM  by  C*p- 
tatn  SeweUt  is  not  ehared  by  other  oompeCaiii  iihmrrem.  ThtM 
becaoae  Imtli  mad  ptiater  methodfi  f ftiM  uadef  mmsm  oondifipni  \ 
is  oot  equrmieBt  to  mjai^  that  «ueb  pcviteelioai  ttjqr  Ml  hm 
suffiaest  Hodo'  Ibb  CKMtiug  midilioiM.    Mr. 


of  omUI  IbI^  and  ptmA^, 


bfir  €4  mtm  kill  moA 
k  iolilM  iie«i^ 
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sufficient  for  the  more  severe  requirements,  and  failed  in  loca- 
tions where  fires  of  long  duration  occurred.* 

Like  suspended  ceilings,  therefore,  metal  lath  and  plaster 
column  protections  can  only  be  counted  on  for  moderate  fir^ 
resistance,  and  while  their  first  cost  is  lower  than  more  efficient 
methods,  their  complete  destruction  is  to  be  expected. 

Composition  and  Plaster  of  Paris  Protections.  —  Blocks  made 
of  pure  gypsum,  or  of  various  compositions  comprising  princi- 
pally plaster  of  Paris,  are  very  low  in  conductivity,  or  heat  trans- 
mission, as  is  shown  in  the  table  of  conductivity  tests  on  page  355. 
But  such  materials  are  not  equally  satisfactory  in  their  strength 
under  high  temperatures  and  hose  streams,  as  has  previously 
been  pointed  out  in  Chapter  VII.  See  ^'Fire-resistance  of. 
Plaster  Blocks,"  page  258,  where  New  York  Building  Depart- 
ment tests,  and  Baltimore  fire  experiences,  etc.,  are  given. 

The  failure  of  the  plaster  blocks  used  to  protect  the  cast- 
iron  columns  in  the  Equitable  Building  was  practically  com- 
plete. The  material  crumbled  away  from  the  columns  and  fell 
to  the  floor.f 

Terra-cotta  Column  Protections.  —  Unfortunately,  much  of  the 
terra-cotta  column  protection  in  past  and  even  present  practice 
is  unworthy  of  place  in  any  building  intended  to  be  fire-resisting. 
This  detail  of  building  construction  is  a  most  pertinent  example 
of  an  excellent  material  used,  generally,  in  a  most  lamentable 
way.  It  is,  perhaps,  no  exaggeration  to  say  that  the  average 
example  has  been  unstable,  vulnerable  at  the  joints,  and  ineffi- 
cient to  a  degree.  A  review  of  the  fires  described  in  Chapter  VI 
will  show  that  the  terra-cotta  column  protections  were  more  or 
less  unsatisfactory  in  every  case,  —  sufficient,  generally,  to  pro- 
tect the  steel  work  from  serious  injury  -^  but  almost  invariably 
damaged  themselves  to  such  an  extent  as  to  make  entire  recon- 
struction necessary.  Several  of  the  following  examples  will 
plainly  show  the  average  low  workmanship  and  inefficiency 
whic]i  have  contributed  to  bring  about  this  result. 

A  practical  test  of  cast-iron  columns  surrounded  by  casings 
substantially  like  that  shown  in  Fig.  63  was  afforded  by  the  fire 
in  the  Ryerson  Building,  Chicago,  August  27,  1903.  The  tile 
covering  was  of  solid  hand-made  porous  terra-cotta  blocks,  2f 

•  "The  San  Francisco  Earthquake  and  Fire,"  published  by  the  Roebling 
Construction  Company,  page  255. 

/  National  Fire  Protection  Association  Report. 
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inches  tliick,  and  pek'Ii  \Auek  wjus  stM:'urcHj  to  the  iron  folumn  by 
means  of  a  tap  screw  hiivm>^  a  Wii^her  2  by  3  inches  in  siise, 
countersunk  one  inch  into  the  1  errtirHiottii  blocks  and  cyvered  by 
.cement.  Thin  detail  t>f  anchuriug  la  very  txceptionalt  but  ita 
!  wisdom  was  amply  demoii^ 
etrated  by  the  perfect  condition 
of  tiie  risings,  except  for  loss  of 
plastering,  after  a  severe  tent. 

In  deeichxl  contraHt  to  the 
foregoing,  Vi%.  55  illustrates  the 
l-inrh  .shf^lls  of  ponjus  terra- 
cotta, with  1-inch  air  spaces, 
useci  to  protect  the  ciusfc-inin 
cohifuiia  in  the  I'arker  Buikling. 
The   outer    eilgCfj    of    the    cast 

brackets  or  girder  seals  on  the  cohimna  were  unprotected,  and 
electric  conduits  were  cut  into  the  tile  blocks,  as  shown.  The 
result  was  tlie  failure  of  columns,  tiie  collapse  of  floor  iireas, 
and  the  loss  of  life  previou.sly  descriliwl  in  Chapter  VI. 

Figs.  56*  and  57*  show  column  casings  in  the  Union  Tnist  and 
Herald  Buildiap,  respectively  (Baltimore  fire).     These  examples 
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Fig.  55. — Ctjlumn  Prot^'ctloii  i 
Parker  Biiiklifig  Fiiv. 
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Fio.  56, — Coluaui  Protection,  L  tuun 
Tniet  Building,  Baltmiore  PirR. 
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Fia,  57.  —  Colunm  ProteptJorii  Her- 
ald Buildiuf;,  BatlLiuore  Fine, 


are  decidedly  better  than  the  average  which  exiateii.  Figs.  58* 
and  59*  show,  respectively,  cohimn  casings  in  the  Calvert  and 
Continental  Trust  Buildings,  botli  f:if  which  are  undoubtedly 
extreme  ease^^  of  inefTicient  work,  bnt  no  wornc  than  many  others. 
It  is,  thereffirc,  no  Wfnider  that  the  comraitt4?e  of  the  National 

♦  See  Nfttioual  Fire  ProtefUiurj  Aadoeiuliun'a  Uepurt  on  Bultiiiiure  fire. 
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Firo  Protection  Association  which  exurninetl  thcKP  buildings  re- 
ported that  "hollow  terra-cotta  tile  us  ordinarily  used  as  a  firo- 
protective  covering  for  colnnuis  lacks  stabihty,  and  breaks  when 
exposed  tx>  lieat,"*  although,  in  the  opinion  of  the  writer,  thev 
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Cftlvert  Builiiiiy;,  Haltiiiiore 
Fire. 


FiQ.  59- — CphiniD  Protection,  Continental 
Trust  CotiipiLtiy  Bmlding,  Baltimore 
Fire* 


should  properly  have  laid  greater  stress  than  they  did  upon  poor 
^details  and  workmanship^  and  leas  upon  the  material  per  se. 
As  regards  terra-uotta  column  coverings  in  the  San  Francisco 
fire,  ue^irly  all  disinterested  investigat-ora  agree  that  the^^  made 
a  very  poor  showing,  but  here,  again,  inadequate  details,  skimped 
efficiency,  and  poor  workmanship  were  prominently  in  evicJence 
on  every  hand.  The  critieisms  of  Mr.  Htunphn^y  and  of  Pro- 
fessor SouM  regarding  inade<|uatc  construction  as  exhiliited  in 
the  San  Francisco  bnildings  —  pre\dously  quoted  in  C^hajjter  X 
—  applies  particularly  to  column  protection.  Captain  Sewell 
finds  that  ''In  a  general  way,  practically  none  of  the  colmnii 
protection  in  San  Francnsco,  except  the  4-ineh  brick  covering, 
was  adequate."  Regarding  terra-cotta  protectiona  especially, 
Mr.  Ilimmelwrightt  found  that: 

The  hollow  tile  blocks  which  were  most  generally  used 
varied  considerably  in  efficiency.  Where  the  blocks  were  "erected 
in  a  careful  first-class  manner,  with  gowl  cement  mortar  and 
anchored  to  each  other  with  metal  ties  at  the  corners,  they 
Bnmetinie«  fulfilled  the  requirements  under  normal  conditions, 
hut  were  frequently  damaged  and  fell  away  from  the  eoktmns* 

•  See  NatJoniLl  Fire  Protection  Assooiation's  Report  on  BEiltlmore  fire. 

t  "The  San  Francisco  Eartbcjuake  and  Fire,"  publLslied  by  The  Hochliai 
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Where  the  bloclxa  ^\'ere  erectetl  in  an  indifferent  manner  the 
failures  were  vc^rv  extensive  and  resulted  in  large  damage.  In 
numerous  instances  tlie  l>ulgin}c  of  pipes  within  the  eolumn 
coverings  facilitated  the  failun^;  the  hollow  tile  blrick^  sus- 
taining more  damage  from  this  cause  than  the  other  methods. 

Concrete  Column  Protedimis,  —  The  application  of  concrete 
protections  to  the  exteriors  of  steel  (?oltunns  ia  of  eomparatively 
recent  practice,  and  while  minor  instances  have  been  recorded 
of  tests  by  fire  of  such  constructions  previous  to  the  San  Fran* 
cij3eo  conflagmtion,  still  no  adequate  data  were  available.  The 
humeri  San  Francisco  buildings  included  several  conspicuous 
examples  in  which  concrete  column  protections  had  been  em- 
ployed, and  it  is  generally  conceded  by  the  l»est  critics  that  such 
casings  were  only  exceeded  in  efficiency  by  those  made  of  brick. 
The  most  fn*quentJy  quoted  examples  are  the  following: 

The  St.  Francis  Hotel,  which  had  been  occupied  but  a  short 
time,  had  column  protections  of  cinder  concrete.  They  were 
entirely  undamaj^ed,  hut  the  builtling  showed  every  evidence  of 
having  suffered  only  a  moderate  fire  te^t. 

.  The  Shreve  Building  had  the  columns  in  the  lower  three  stories 
protected  by  3  inches  of  Rocbhng  sj^tem  of  cinder  concrete. 
They  were  unharraed,  but  the  plastering  was  generally  intact 
and  indications  pointed  to  heat  conditions  not  at  all  severe. 
In  the  upper  stories  the  columfLs  were  protected  by  terra-cotta 
casings,  and  the  faiture  of  these  caused  the  buckhng  of  several 
columns.  There  waa  every  evidence  of  much  greater  heat  in 
the  upper  stories. 

The  new  eight-story^  building  of  the  Pacific  States  Telephone 
and  Telegraph  Company  suffered  a  severe  fire  test,  but  the  con- 
crete column  protections  and  girder  coverings  stood  the  ordeal 
exceedingly  well.  Further  reference  to  this  column  protection 
is  made  on  p^ige  358. 

CaptaJn  Hewell,  how^ever,  is  of  the  opinion  that  practically 
all  of  the  above-mentioned  cases  were  not  severe  tests  of  concrete 
coverings,  but  that  the  only  extreme  test  he  aaw  was  in  the 
basement  of  the  Aronson  Buildingj  which  he  deacribes  aa  follows: 

In    the  sjune  part,  of  the  basement  as  that  in  which  the 

Ubove-nientioned    column    Wiis   situated — that    is,    under    the 

J  Third   street   wall  of  the  building  —  there  were  two  columns 

covered   w^ith  cinder  concrete.     The  concrete  covering  on  one 

(tjlumn  tnmle  a  very  large  and  heiivy  pier;   on  the  otiier  it  waa 

,  about  4  inches  tliick.     It  waij  apparent  that  the  Wat  m  ^}caa 
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front  portion  of  the  room  was  not  quite  as  severe  as  it  was 
farther  back,  where  the  buckled  column  was.  Not  only  was 
there  very  much  less  evidence  of  fire  in  the  way  of  ashes,  etc., 
but  the  general  indications  pointed  to  a  considerably  lower 
temperature  —  although  the  heat  at  this  point  was  very  severe, 
nevertheless.  The  larger  cinder  concrete  pier  was  evidently 
damaged  to  some  extent  by  the  heat.  The  cement  had  appar- 
ently been  dehydrated  to  a  depth  of  one-fourth  to  three-eighths 
of  an  inch  on  the  flat  surface,  and  to  a  greater  depth  at  the 
comers.  The  other  pier  showed  more  evidence  of  intense  heat. 
It  stood  opposite  the  middle  of  the  room,  where  there  seems  to 
have  been  the  greatest  accumulation  of  combustible  matter. 
When  I  first  saw  this  column  the  cinder  concrete  was  dead  and 
friable  to  a  depth  of  nearly  an  inch.  How  much  of  this  was  due 
to  original  poor  quality  and  how  much  to  the  action  of  the  fire 
was  difficult  to  determine,  but  fire  damage  was  very  evident. 
This  pier  showed  on  the  surface  a  number  of  longitudinal  cracks 
running  from  top  to  bottom,  indicating  that  there  had  been  a 
tendency  for  the  concrete  to  fail  and  come  off  under  the  ex- 
pansion stresses.  At  a  later  inspection  a  part  of  the  concrete 
covering  of  this  column  had  been  knocked  off,  and  it  then  be- 
came apparent  that  the  cracks  above  referred  to  had  extended 
entirely  in  to  the  surface  of  the  column  itself,  and  enough  heat 
had  got  in  to  partly  bum  off  the  paint  along  the  inner  edges  of 
the  cracks.* 

From  this  test  in  the  basement  of  a  mercantile  building,  it  is 
evident  that  concrete,  at  least  around  important  members  and 
in  locations  liable  to  develop  high  tempeiatures,  should  be  of 
ample  thickness  and  well  tied  on,  and  that  reinforced  concrete 
requires  either  an  added  thickness  or  casing  of  concrete  for  fire 
protection  only,  or  a  protective  covering  of  some  other  material, 
as  previously  described  in  Chapter  VII. 

Brick  Column  Protections.  —  Well-bumed  ordinary  brick 
of  good  quality,  properly  laid  in  cement  mortar,  is  the  best 
material  now  in  use  as  a  fire-protective  covering  for  steel  or  iron 
columns.  This  material  combines  rigid  construction  and  the 
necessary  fire-resistive  qualities.! 

The  Baltimore  experience,  referred  to  in  this  opinion,  offered 
no  comparison  between  concrete  and  brick  column  protections, 
but  of  the  San  Francisco  fire,  where  both  methods  were  tested 
practically  side  by  side,  the  same  opinion  as  the  above  is  held 
by  many  careful  observers.     Thus  the  committee  of  the  American 

•  8ee  United  States  Geological  Bulletin  No.  324,  page  79. 
t  Report  of  National  Fire  Protection  Association  on  Baltimore  fire,  page 
JJ9, 
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of  CSvil  Engmeen  stated  that  "For  oolumns,  the  fire- 
proofing  that  wfll  stand  up  best  is  red  brick  set  in  Portland  cement 

HOftMT."* 

Mo0t  of  the  biidc  column  protections,  however,  were  of  wall 

which  are  more  particularly  discussed  in  Chapter  XX. 

of  MaterijUs.  —  In  addition  to  the  data  given 

Chapter  VII,  the  following  tablet  is  of  \'alue  as  showing  the 
haat  oonduotivity  of  various  materials  used  for  column  protec- 
tknfl.  The  tests  sunmiarized  in  this  table  were  made  by  the 
Bureau  of  BuikUngs  of  New  York  City,  by  placing  the  different 
materials  cm  a  cast-iron  plate  which  was  subjected  to  a  tempera- 
ture €i  1700'*  F.  for  two  hours.  The  temperatures  at  the  back 
of  the  plate  were  then  noted  at  regular  intervals. 


'j    Mi»t< 
liaGhapl 
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Terra-ctMat  denae,  hollow,  2  in.  thick 

Terra-cottat  semi-porous,  solid,  2  in.  thick 
PlaaUr  of  Pari*  and  shavings,  2  in.  thick. 
Pliuttr  of  Paris  and  asbest<»,  2  in.  thick. . 
Plaster  of  Paris,  wood  fibres,  and  infusorial 

earth,  2  in.  thick 

Concrete  of  ground  cinders,  li'g  in.  thick 

Cimier  concrete,  on  metal  lath,  2  in.  thick 
Metal  laik  and  patent  plaster,  ^   in.  thick 

over  1  inch  airHq>ace 


Temperature  of  plate  at 
bock  of  protective  ma- 
terial.    (Degreed  Fahr.) 


Tempera-  I 

ture  on 

face  of    I  I    Wf„       Heat 

proteo-      Before  '  i.-^Jf "       trans- 
tive  ma-  i  heating.,  o  Ko«r?  I  mission. 
terial.     ,  ""**""'  Deg.  F. 

De-.  F.  ,  I 


17()J 
170() 
17wJ 
1700 

1700 
1700 
1700 


73 
69 
70 


73 
66 


223 
244 
159 
163 

167 
363 

248 

296 


148 
171 
90 
93 

95 
290 
182 

220 


Essentials  for  Column  Protections.  —  From  the  foregoing 
practical  tests  of  column  protections  in  actual  fires,  it  would 
appear  that  the  requisites  for  acceptable  column  coverings  are: 

1.  Resistance  to  fire  or  water,  or  the  combined  action  of  both. 

2.  Non-conductivity  of  heat. 

3.  Permanency  of  position,  so  that  the  covering  cannot  be 
dislodged  by  fire,  water  or  debris. 

4.  Invulnerability  at  the  joints. 

•  Trans.  Am.  Soc.  C.  E..  Vol.  LIX,  page  242. 

t  Mr.  Rudolph  P.  Miller,  Superintendent  of  Buildings  in  New  York  City, 
in  Ejdder's  "Architects'  and  Builders'  i'ocket-book",  page  740. 
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5.  Adequacy,  or  thickness,  to  withstand  the  worst  conditions 
to  be  expected. 

6.  Good  workmanship. 
The  material  must  be  adapted  to  resist  both  fire  and  water, 

or  alternate  attacks  from  both,  and  this  with  as  httle  reconstruc- 
tion afterwards  as  possible.  If  the  capacity  for  long  resistance 
to  fire  is  to  be  developed,  or  if  the  member  is  an  important  one 
in  the  structural  design,  two  thicknesses  of  any  material  placed 
in  block  form  (save  possibly  brick),  should  be  used,  the  different 
layers  breaking  joints.  The  material  employed  must  also  be 
non-heat-conducting,  so  as  to  protect  the  metal  work  against 
undesirable  expansion. 

The  casing  must  also  be  so  built  as  to  withstand  fire  and  hose 
streams  without  dislodgment.  The  construction  must,  there- 
fore, be  entirely  independent  of  any  combustible  material.  It 
should  be  continuous  from  the  floor  arch  to  the  ceiling,  rest- 
ing firmly  and  directly  on  the  fire-resisting  floor,  and  not  on 
wooden  flooring  or  on  wooden  screeds,  as  has  been  so  often  done. 
Stability  also  requires  that  all  column  protections,  of  whatever 
material,  be  securely  anchored  to  the  columns,  preferably  every 
12  to  18  inches  in  height.  This  is  to  protect  the  construction 
against  the  expansion  of  the  steel  column,  against  unequal  ex- 
pansion in  the  covering,  and  against  falling  debris.  It  may  be 
accomplished  in  concrete  or  brick  casings  by  means  of  embedded 
anchors  or  clips  attached  to  the  columns,  and  in  terra-cotta  or 
plaster  of  Paris  protections  by  means  of  galvanized-iron  wire 
bound  around  each  course  of  blocks.  Copper  wire  should  not 
be  used  on  account  of  its  low  fusing  temperature. 

Column  protections  should  also  be  built  entirely  independent 
of  partitions,  so  that  the  failure  of  the  latter  may  in  no  wise 
destroy  the  integrity  of  the  former.  Many  fires  have  shown  that 
where  partitions  are  a  part  of  or  bonded  into  the  column  casings, 
the  result  has  almost  always  exposed  the  column.  Finally,  good 
workmanship  is  essential,  not  only  to  insure  the  fire-resisting 
qualities  intended,  but  also  to  prevent  the  possibilities  of  corro- 
sion which  attend  imperfect  work. 

The  ingenuity  and  thought  expended  upon  new  types  of 
floor  construction,  all  of  which  at  least  aim  to  protect  the  floor 
beams,  have  not  been  paralleled  by  equal  improvements  in  the 
question  of  column  fireproofing.  Many  of  the  companies  which 
furnish  and  erect  patent  floor  constructions  also  have  their  own 
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qraleni  ef  eohimn  protection,  but  the  attention  of  the  architect 
IB  pcmoipal^  engaged  by  the  merits  of  the  floor,  and  the  accom- 
panying eolomn  protection  is  often  accepted  with  the  type  of 
floor  selected.  A  construction  company  may  control  a  most 
QODimeiidable  tjrpe  of  fire-resisting  floor,  while  the  S3rstem  of 
edmnn  casing  employed  by  the  same  company  may  be  poor  in 
the  extreme.  Thero  can  be  no  excuse  for  linking  one  with  the 
othor. 

No  part  of  a  steel  building  requires  more  attention  as  to  fire- 
ptoofing  than  the  colunms,  and  absolutely  no  considerations  of 
f^ypeanmee  or  question  of  floor  space  occupied  should  be  allowed 
to  influence  unduly  the  shape  or  size  of  the  fireproofing  material. 
Solid  TS.  HoUow  Ccdnmn  Casings.  —  During  the  earlier 
stages  of  fireproofing  it  was  generally  considered  advisable,  in 
the  protection  of  steel  members,  to  provide  air-spaces  to  act  as 
heat  insulation.  This  was  accomplished  by  making  the  pro- 
tection a  mere  free-standing  circular  or  rectangular  shell  around 
the  oohunn,  or  by  using  blocks  kept  away  from  the  column  shaft 
by  return  flanges  (as  in  Fig.  55),  or  by  furring  out  metal  lath  and 
plasty  construction.  Such  practices  are  open  to  many  objec- 
tions. First,  stability  under  fire,  hose  streams  and  falling  d6bris, 
requires  that  the  casing  be  rigid,  and  impossible  of  deformation 
by  pushing  inwards.  Second,  the  stiffening  effect  of  solid  casings 
upon  the  enclosed  steel  members  is  only  beginning  to  be  properly 
realized.  Third,  hollow  casings  always  mean  the  possibility  of 
there  being  vertical  flues  of  two  or  more  stories  in  height  within 
such  casings,  owing  to  possible  holes  in  the  floor  construction 
within  the  casing  perimeter.  Fourth,  and  by  no  means  least, 
hollow  casings  do  not  provide  the  protection  to  the  metal  columns 
against  dampness  or  other  corrosive  influences  which  is  secured 
by  thoroughly  surrounding  the  column  with,  for  instance,  cement 
mortar.  This  last  consideration  is  touched  upon  at  greater 
length  on  page  365,  and  also  in  Chapter  VIII. 

The  following  observations  on  the  San  Francisco  fire  are  of 
particular  interest  in  this  connection: 

Air-space  coverings  of  plaster  or  cement  on  metal  webbing 
did  fairly  well,  though  several  authenticated  cases  of  column 
failure  occurr^  with  such  covering.  The  best  results,  how- 
ever, were  shown  by  solid  concrete  column  covering  without  air- 
space, the  concrete  being  reinforced  by  metal  webbing.  It  is 
probable  that  the  air-space  idea  will  be  in  less  repute  in  all 
future  efforts  to  armor  structural  steel.     It  has  been  shown  to 
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be  litrgeiy  fallacious  in  pracfire.     The  result*?  in  the  Bush  Stri 
Telephone  Exchange  may  be  considered  fairl3^  decisive  as 
solid  concrete  column   prottH-tion.     Tljo  tomiK'mtureB   in  thSl 
biulding   wciX"    not    only    extreme,    but    were   also    protracted, 
p^ven  a  quantity  of  wire  nails  was  found  welded  into  a  mass; 
yet  the  cohimn  protection  appeareil  to  be  perfect.     The  bracing  ] 
effect  of  the  8nh\.l  concrete  eni-asin^  the  steel  column  is  doubt- 
less an  important  factor,  anci  it  18  probable  that  with  such  rein- 
forcement the  steel  might  even  attain  a  softening  temperature  j 
without  deflection.*  I 

Tlie  columnH  in  the  Jamas  Flood  Building  were  Z-bar  col-  ^ 
umna  and  were  filled  in  soh<:lly  with  brickwork,  in  addition  to 
the  hollow  tile  covering.  In  my  judgment,  this  const nu-t ion 
wa*s  the  only  thing  that  S!IV(h1  the  Market  street  wing  of  this 
building  from  collapse,  because  there  was  every  evidence  that 
the  columns  which  were  found  slightly  bucklecl  had  reaebed  a 
dangerous  tt?mj>eraturf\  ancj  would  proliably  ba\"e  come  down 
and  wrecked  all  of  the  building  above  them  had  it  not  been 
for  the  stiffening  clTect  of  the  brick  fdling.f 

Therefore,  to  insure  the  most  perfect  protection  to  the  column, 
the  causing  form  should  be  built  otit  solid  to  some  regular  outline, 
witli  either  terra-cotta,  (?onc!rete  or  brick,  outside  of  wlueli 
should  be  placed  the  final  protective  casing  and  the  plastering  or 
other  finish. 

Inasmuch  as  the  base  of  the  casing,  near  the  floor,  is  liable 
to  be  surrounded  by  water  frtjin  bi>rte  streams,  etc.,  it  has  been 
suggest*j<it  to  place  a  solid  concrete  base  around  the  column^ 
extending  say  6  inches  above  the  finished  floor,  on  wl)ich  the 
casing  sbould  rest. 

Required  Tbickne^s  of  Column  Protect  ions,  —  Assuming 
that  solid  culumn  casings  are  used,  as  rlescribed  In  the  preee^ling 
paragraph,  the  following  thicknesses  of  inateriak  outside  of  the 
boldest  point  of  metal  work  are  to  be  recommended  for  efficient 
protection,  oi>on  e parses  of  columns  always  filled : 

Meta!  lath  and  plaster,  —  single  thickness,  questionable  for 
even  lightest  hazard;  donble  tldcknc^ss  and  air-space  for  condi- 
tions of  ordinary  hazard. 

Pliisf  er  of  Paris  or  composition  blocks^  wirotl,  —  3-infrli  IkjHow 
or  solid  for  ordinary  t:uaditi«ms;  use  questionable  for  severe 
conditions, 

♦  From  report  of  Mr»  Albert  S,  Heed  to  Natiunal  Board  of  Fire  Uoder- 

t  Bulletin  324  uf  Unitud  Statedi  Geological  Survey,  Capfcnin  John  Stepiheti 
Sewell,  ptigH  92. 

J  Seo  Mr.  Corj-iJou  T.  Piirtly,  in  F im proof  Maifouim,  March,  1904,  pugp  3^, 
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Porous  tprra-cotta,  wired, 
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3-mch  hlorkR  f«r  Wmht  hfixiirds; 
4'inrh  blacks  for  iirdinary  rrmfUtion.s,  preffTubly  in  two  layers. 

Concrete,  anchored,  or  with  metal  lath  embedded  therein,  - 
3  inches  for  light  hazard  buildiDj^,  such  as  hotels,  office  build- 
ings,  etc.;  4  inches  ff>r  stores;  6  inches  to  8  inches  in  danicerou.H 
risks.  2  inches  to  3  inches  of  concrete  if  covert^d  with  li  inches  of 
terra-cot  ta. 

Brick,  anchored,  ^ — 1-inch  casing  for  ordinary  conditions; 
6-inch  to  8-inch  cawingfi  for  severe  conditif^iis. 

Protections  tnust,  of  course,  at  leaet  efiujil  the  reqtiirements 
of  local  building  laws. 

Tj'|>es  of  Cdlumn  Protections  In  Current  Practice,  — 
T>'pes  of  column  pro! eel  ions  in  coninion  ase  are  those  previously 
enumerated  in  the  discussion  concerning  fire-n*i*iKtance,  namely, 
metal  lath  and  pL■ist^?r,  phuster  of  Pari?<  or  composition  blocks, 
terra-colta,  concrete,  and  lirirk.  Oniinary  form.'*  of  these  pro- 
tections will  now  lie  deHcrilnnL 

Metal  Lath  and  Plaster  Protection.  —  Stiffened  wire  net- 
ting, Botitwick  lath,  iin<\  expanded  mental  lath  are  ext^^nsively 
used  with  plaster  coatiiif^s  ils  a  means  of  eolunm  prtjtection. 

In  many  instances  the  colunni,  especially  if  circular  in  form, 
is  »iraply  wTapped  close  with  metal  lath,  and  pliiKter  is  then  ap- 
plied without  any  intervening  air-space,  Thirt  practice  should 
particularly  l>e  avoidedj  na  tl»e  close  wrapping  of  the  metal  lath 
doe^  not  leave  sufficient  room  for  a  key  to  the  pL'ister  on  the 
under  side.  The  pbusler  will  .«>ioon 
fall  off  under  the  act. ion  of  fire  or 
water, 

A  better  method  is  to  ti.se  some 
form  of  furring  strips  to  Heparate 
the  lath  and  plaster  frtim  thf^ 
column,  as  shfiwn  in  Fig,  &), 
Furring  8trjps  to  which  the  wire 
netting  or  lath  is  wired  arc  often 
made  of  small  V-shaped  pieces  of 
sheet-iron,  placed  in  a  vertical 
position  arcjund  the  cfilumn.  A 
still  better  furring  strip  is  Berger'a 
economy  stud,  shown  in  Fig.  60,  a.s  the  mettd  lath  or  expanded 
metal  can  then  be  easily  applied  aiKl  fast^!ned  without  wiring. 

For  rectangular  columns,  the  furring  studfi  may  be  attached 


Fjo.  ftO.  -  Siiiglu  Mutal  Lath  and 
Plaster  Column  Protectirjo^ 
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showfi^l 


to  light  bars  or  channels,  clamped  around  the  column,  as 
in  Fig.  fil. 

The  bast,  method  of  folumii  protetvtion  by  means  of  plaster 
is  through  the  uhv  of  a  double  wrapping,  with  intervening  air- 
epacea,  as  in  Fig.  C2.  Mefcul  lath  k  first  wrapped  around  furring 
strips  placed  next  the  column,  and  securely  wire<l  at  the  lap, 


I 


Fig,  61.- 


-Sirn^lc  MetftI  I>ttth  ntid  IMuster 
<'olumn  Protection. 


Fig.  62,  —Double  Me  Lai  Lath  andj 
Plaster  Column  Protection,     ■ 


After  a  heavy  coat  of  hard  mortar  has  been  applied  to  tliis 
wrapping,  a  second  set  of  furring  strips  and  lathing  la  applicti, 
finished  with  one  or  two  rough  coats,  preferably  cement  plaster, 
and  a  fininhed  coat.  ThiB  is  mucfh  to  h(*  preferred  to  any  cheaper 
form  of  metal  lath  and  plaster  protection^  but  will  cost  little, 
if  any,  less  than  a  still  more  efficient  covering  of  solid  concrete. 

All  of  these  hollow  metal  lath  and  plaster  types  are  objection- 
able fnim  tiic  standpoint  of  protection  against  corrosion,  as  the 
metal  work  is  not  directly  covered. 

Plaster  Block  Column  Catitiiigs  are  usually  made  of  the 
fiame  tilocks  of  gy]>sum  or  pkister  of  Paris  as  are  employed  in 
partition  construction^  and  such  protections  are  no  more  reliable 
than  partitions  made  of  the  same  material  (nee  Chapter  VII, 
page  258).  The  low  conductivity  of  the  material  is  more  thao 
offset  by  its  disintegration  under  heat  and  water. 


Terra-cotta  CoLtrwN  Casings. 

Ca^t-lTon  Columns,  Circular  Finish*  —  The  desire  to 
economize  floor  space,  or  to  secure  some  particular  architectural 
effect,  often  tempts  architects  to  call  fot  very  thin  solid  slabs,  so 
that,  for  instance,  an  S-inch  circular  cast-iron  column  may  finish, 
when  plasteredi  not  over  12  inches  diameter.     This  requires 
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blocks  of  about  I -inch  thicktiesSj  hut  the  u,se  of  such  tilfs 
JsIiouJd  never  In*  fH-rniittol.  They  are  too  tliin  to  form  even 
passably  good  pr(Jt{*ftionf  and  it  is  impractiealile  to  jnanufacture 
tlieiu  success  fully.  They  miu^t  be  drie<i  over  ii  ilriim^  an<l  in 
(loiiig  this  the  shrinkage  causes  them  to  vmck  through  the  center, 
unless  the  plori^  are  made  very  siuall,  in  which  <'itse  the  setting 
becomes  Lmpracticable, 


|l'ia,  63.  —  Circular  Torra-Cotta  Column 
ProtectitiD* 


Fia.  64.  —  Circiilflr  Terra-Cotta 
Column  Protection, 


The  more  common  type^s  of  circular  protections  for  cast-iron 
1  columns  are  illustrated  in  h^igs.  6*^^  *H  and  135.     ^Ui  of  these  forma 


csiiia^ 


Fio.  65. —  Circular  Term-Cot  (a  Ctjlumn  Protretirjo» 


we  made  up  of  3ee;menis,  shaped  to  reriuirefl  radii,  either  with 

without  air-spaces  as  sho^vn.     The  outer  surfaces  of  all  tile 

j  scored  or  grooved  to  provitle  a  bontl  for  the  phistering.     The 

[hlocks  are  laid  in  layers  or  couj-aes,  and  although  many  proteo 

i  of  this  ti'pe  are  used  without  any  tying  together  other  than 

he  mortm'  joints  and  backing,  each  course  should  preferably  be 

fwound  with  wire  aa  before  descrtlxid.     All  vertical  jointa  should 

1  t>e  staggered . 
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l^teel  Columns,  Circular  Finish.  ^  A  common  form  is  si 
Bhown  in  Fig,  t>0,  but  unless  tLc  column  is  ahaped  out  solid^ 


^^  ^^ 


*t^^-_^--^ 


'^^^Sr^" 


Fio.  66. —  Circular  Teira-Cotta 
Coliomn  Protectloa. 


Fio,  67*  —  Circular  Terra-Cotta 
Concpete  Column  Protection. 


means  of  concrete,  or  atlditional  terra-cotta  blocks,  so  as  to  give 
a  circular  form  before  the  casing  is  placed,  the  <:on8truction  k 
unstable  and  unsatisfactory  from  every  view-point.  The  holloas 
casing  gives  no  protection  to  the  column  against  corrosion. 
Much  more  satisfactorj''  comlji nation  casings  of  concrete  anfi 
terra- cot  (a  are  shown  in  Figa,  67  and  89. 

Fig,  08  illustrates  a  circular  casing  for  plate  and  channel  columr 
as  used  in  the  Adams  Building,  Chicago,  1904,  Holabird  anc 


^\ 


-/// 


TiQ.  68*  — Columu  Protection,  Adams  Bufldingt  Cbieago.  —  Holabird  &  Roch* 
Anrhitecta, 

Hochej  architects,  antl  Fit^.  Ofl  shows  a  similar  casing  as  used  i\ 
the  New  York  Life  BuiLling,  Chicago,  Jenney  and  Mundic 
architects.     In  the  latter  cuse  each  tHe  was  clamped  to  thosi 


above  and  beiow,  its  WiU  ns  around  the  column.  The  blocks 
were  set  in  mortar  made  of  1  part  Portland  cement  to  3  parts 
best  lime  mortar. 


Flo.  69.— Colimm  ProUi  ti-ij.  S*  w  York 
Life    Building,    Chicago,  —  Jenney 

<Jk  Mundit%  ArcliiteriB. 


Fio, 


0.  —  ReclHtiyiiilar  lerra-Cotta 
Column  Protection. 


CasMroii  Columns,  Rectangular  Flnlsli,.  —  The  mo^t 
eomraon  fni^tJjoti  is  to  uso  ti-iin'h  piirtition  blnrks,  laid  up  to  ^ve 
the  required  outside  dimensions,  as  in  Fij?.  7Q.  Varioujs  Uuck- 
neases  of  blocks  are  used,  3  inches  beini?  about  average  practice, 
but  4  inclies  m  preferable  as  liefore  stated.  The  l^locka  should 
be  set  so  thfit  the  vertical  joints  alternate  in  the  successive 
,  cours^3S8.  This  in  ttsually  con^idere*!  to  ^ive  sufHcient  boiul  to 
hold  the  blocks  in  positionj  but  ff)r  efficient  work,  binding  with 
wire  is  ejisential.  A  more  efficient  casintc  would  be  obtained  by 
first  covering  the  eolunin  with  metal  lathing  and  a  cement  plas- 
ter, and  then  applying  the  tile. 


IL 


m 


}  Fm.  71.  —  Rectangiilar  Terra-Cotta 
Colurao  ProtectioEi. 


Fig.  72.  —  RcctaiiguJar  TeiTa-Ck>tt& 
Column  Protection. 


Rectangular  columns  are  often   finished  with  quartered  or 
[rounded  comerH,  as  tjhown  in  Fig,  7L 


Cinder  Concrete 


Fio^  73.  — Ret'tanguJar  Terra-Cot f» 
ColumTi  Protection. 


FiG,  74.  —  Kettangular  Tirra-Cotta 
Column  Protection, 


quartered  comera  respect  ively^  The  l)l(>(*k!^  employed  are  from 
2  inches  to  4  intrhes  in  thickness,  and  have  usually  heen  placed 
witlyjut  bricking.  Old  brick  or  other  refuse  material  is  often 
filled  in  behind  tlie  rasinp;  to  block  it  out  and  steady  it  while 
being  set.  Careleas  blocking  in  this  manner  should  not  be  per- 
mitte<l|  but  an  arbitrary  rule  should  be  established  requiring  a 
careful  and  solid  filhng  V>ehind  all  column  casings.  Other  ordi- 
nary type]?  are  shown  in  Fig*  74,  a  hght  plate  and  angle  column/ 
and  in  Fig.  75,  a  ''Gray'^  column. 
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Jenney  and  Mundie,  nrchit^^ta.  In  case  the  outer  layer  is  dam- 
aged or  displaced,  thn  column  still  htiA  the  prf^teetion  of  the  inner 
blocks.  A  siinilar  di*tail  was  nlm  us**xl  for  circular  cohimus,  in 
which  (iise  the  inner  layer  wits  hound  in  place  by  either  wires 
or  wire  netting. 

Typical  column  pn»tections  usi^l  in  the  new  Chicago  Post  Office 
Building  are  illustratetl  in  Fig,  77.* 


I 


FlQ,  77, —  Column  Protections,  Chicago  Post  Office, 

Outside,  the  culumnii  were  treated  :ih  follows:  The  ru«t, 
wherever  there  wris  any,  was  thoroughly  serjipeil  off  and  the 
^entire  surface  carefully  pifisteretl  with  a  rich  coating  of  Port  fan  d 
[cement.  .  •  •  ^ 

After  this  thorough  plastering,  the  channels  of  all  the 
[column  se<?tions  were  hlletj  tip  with  tile  and  slab  tilea  placed 
[outside  where  necesssary  to  make  up  for  rivet  headS;  and  then  a 
ftirring  wall  of  three-  or  four-inch  partition  tiles,  as  the  case 
might  be,  was  Jnu'lt  about  the  eolutnn  to  form  a  perfect  gouare. 
The  joints  w;ere  not  clipped  or  held  together  in  the  usual  way 
with  galvanized  iron  "clothespins/'  but,  at  Mr.  E.  V.  John- 
son's suggestion,  a  strip  of  metal  fabric,  the  full  width  of  the 
tile,  W!X8  laid  in  each  norizontal  joint  and  well  lapped  at  the 
ends.  Mortur  was  bedded  upon  this,  an<l  the  next  layer  or 
course  was  huih.^  more  metal  fabric,  and  so  on  up  all  the  way. 
At  ever>^  thrive  or  four  ffn^t  a  KTOuting  of  eerjient  would  be  poured 
in  back  of  the  furring,  so  that  all  the  little  interstices  between 
metal  and  tile  were  sure  to  be  filled,  and  the  greatest  of  care 
wai?  taken  at  the  finishing  up  of  the  top  juncture  with  the  Ijeamsj 
that  all  the  steel  should  Ite  abundantly  covered  with  cement 
and  tile  fireproofing.* 

•  Se«  F.  W.  Fit«patrick.  formerly  Suptirmteadent  of  Chicago  P*  O.  Building, 
ia  Fireproof  Matfotine,  Decciubcr,  1 U03.  t  J^^« 


I 


most  practical  way,  but  as  they  do  not  usually  receive  any  spec: 
Btudy,  and  us  the  opportunity  of  i*ecuriiig  knowledge  from  K 
perieiu^*'  ia  lac^king,  their  practinal  value  is  gi-eatly  lessened.     For 
the  best  work,  it  is  advisable  to  adhere  to  the  moat  simple  and 
rehafale  forms. 

The  praclit-e  of  placing  piping  within  column  coverings  is 
discussed  in  a  later  paragraph. 

United  Stales  GoTcrnmeiit  Practice,  —  The  following 
specifications  are  used  in  United  t^tates  Goveniment  buildingi 
where  terra-cotta  column  coverings  are  required: 


J 


Terra-cottn  Colu?r(f}  Covfritig.  —  ^^'hp^e  terra-cotta  is  m 
cat<^d,  th**  eovcring  of  (*<^)hnnnH  shall  he  at  hast  3  inches  tliirk 
There  shall  be  also  in  each  horizontal  joint  continuous  strips  of 
}-inch  mesh  No.  10  gauge  gidvatuzed  wire  netting,  which  shall 
be  lapped  at  all  comers.  Blocks  shall  have  not  less  than  three 
cc^Usi  with  not  less  than  J-inch  thick  shells  and  webs. 

Concrete  Column  Casings.  —  The  practice  of  using  solid 
concrete  casings  has  undoubtedly  been  greatly  stimulated  by 
the  record  of  such  coverings  in  the  8an  Francisco  fire,  not  only 
on  account  of  the  admirable  fire-n^sistance  offered^  but  also  on 
account  of  the  added  stifTness  or  support  given  to  the  steel  mem- 
bers embedded  therein,  as  previously  descirbed.  However,  if 
cinder  concrete  is  used,  great  care  is  neceaaary  regajding  the 
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quality  of  cinders,  and  regarding  the  mixing  and  method  of 
placing.  Great  diversity  of  opinion  exists  concerning  the  cor- 
rosive tendencies  of  cinder  ctoncrete,  as  has  previously  been 
pointed  out. 

Concrete  casings  should  either  be  anchored  to  the  steel  columns 
or  have  an  embedded  and  lap-laced  reinforcement  in  the  shape 
of  wire  netting  or  expanded  metal. 

In  the  Druecker  warehouses,  Chicago,  built  in  1898,  the  col- 
umns were  fireproofed  as  follows.*  A  concrete  composed  of  1 
part  cement,  1  part  lime  putty  and  4  parts  cinders  was  well 
rammed  into  wooden  forms  placed  around  the  columns.  These 
forms  were  cylindrical  in  shape,  made  of  2-inch  staves,  and  in 
sections  4  feet  long.  They  were  hinged  to  open  in  the  direction 
of  their  length  (see  Fig.  80).    The  concrete  was  poured  in  place 


Fig.  80.— Forms  for  Circular  Concrete  Column  Protection. 


from  the  top,  and  was  well  rammed,  so  as  to  fill  completely  the 
inner  cavities  of  the  columns,  as  well  as  to  surround  them  entirely. 
As  soon  as  one  4-foot  section  was  concreted,  a  second  section  was 
constructed  on  top  of  the  first,  and  this  process  was  continued  to 
the  top  of  the  column,  before  the  floor  was  placed.  This  insured 
a  continuous  envelope  to  the  column,  without  joint  from  base- 
ment to  roof.  The  metal  columns  were  not  painted,  but  were 
simply  cleaned  of  mill  scale  and  other  foreign  substances  at  the 
building  before  the  concreting  was  started.  After  the  floors 
were  laid,  the  concrete  column  protections  were  covered  with 
metal  lath,  on  which  was  placed  a  thick  coat  of  dense  hard  mortar. 
The  metal  lath  was  used  to  provide  a  better  key  for  the  mortar 
finish. 

*  See  "  Fireproofing  of  Warehouses,"  by  Frank  B.  Abbott,  Journal  of  the 
West.  Soc.  of  Engrs.,  April,  1898. 
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Fig.  81  shows  the  detail  of  column  protection  employed  in 
the  United  States  Appraisers'  Warehouse,  New  York  City.    The 


Fig.  81.  — Concrete  Column  Protection,  U.S.  Appraisers'  Warehouse,  N.Y. 


columns,  which  are  cast-i 
and  Z-form  in  the  upper 


^  --Column 


-  "Wipe 


Fia.    82.  — Concrete    Column 
Coverings  used  in  San  Fran- 
cisco Buildings. 

around  them  at  12  to  14 
stiff  to  spring  away  from 


iron  in  the  basement  and  lower  stories 
stories,  are  surrounded  by  an  envelope 
of  No.  24  expanded  metal,  2J-inch 
mesh,  enclosing  an  air  jacket.  This 
envelope  received  on  its  outer  surface 
a  2-inch  layer  of  fine  concrete  made 
of  1  part  American  Portland  cement, 
2  parts  sand  and  4  parts  J-inch  broken 
stone,  the  outer  surface  of  which  was 
finished  with  a  i-inch  protective  coat 
of  asbestic  plaster. 

The  following  type  of  concrete  col- 
umn casings  was  used  in  the  two 
buildings  of  the  Pacific  States  Tel.  & 
Tel.  Co.  (main  building  referred  to  by 
Mr.  Reed  on  page  358),  the  Cali- 
fornia Casket  Company's  building, 
and  the  St.  Francis  Hotel,  all  in  San 
Francisco:  ^'The  concrete  column 
protection  was  anchored  to  the  col- 
umns by  means  of  No.  10  gauge  gal- 
vanized-steel  wire  wound  spirally 
inches  centers.  The  wire  is  sufficiently 
the  plates  or  flat  sides  of  the  column, 
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V  and  affordfl  a  key  for  the  concrete  between  the  steel  member  and 
the  wire.*'*     (See  Fig.  82.) 

Concrete  column  casings  sis  used  in  the  United  States  Post 
Office  and  Court  Houae  at  Spokane,  Wash.,  aredhown  in  Fig.  83. 


r^ 


Vi'ntMl  Form 
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P  3 
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Via,  83 


Wire  LiK->i*,H  12  ets. 
-Concrete  Column  Casings,  U.g.  po^t  OMce  Bud  CnuTt  Houae, 
Spokane »  WasbJugtan. 


The  forms  were  made  of  rough  boards,  in  sectiona  not  more  than 

12  inches  high.     A  clinker  concrete  of  a  1  :  2i  :  -"i  mixtum  was 

UBcd,    fairly   vvetj  and   thur- 

oughJy  taiiipetl  as  each  eec- 

tion    of    form     was    placed. 

Loops  of    J -inch   galvanized 

iron     wire,    with    the    ends 

lockeii     as     indicated,    were 

laid  in  the  forras  ns  the  con- 
crete W71S  brought  tip  to  the 

top  of  each  section. 
Brick  Column  CaslnRs. 

—  One  of  the  best  examplcj^ 

of    brick    casings    for    free- 

etancling  columns  is  in    the 

new  government  Printing 
^  Office  building,  Wtishingtoo, 
t  column  protccfciuii 


Column 


Qoacrott 


Forous  Briefer  ■• 
Fia.  84.  —  Bj*ic-k   Colniiin    (.usLtifss,  U, 
Government  Printing  Office,  Waah- 
infLon^  D.  C, 


D.  C.  Fig.  84  shows  a  typical 
Captain  John  Stephen  Sewell,  who  had 
charge  of  this  building  a^  designing  and  constructing  engineer, 
thus  describes  the  general  methods  employed: 

A.  L.  A.  Uimmelwi'ielit'bi  report  on  San  Fxuucirico  hm^  pikgia  \^« 
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The  columns  were  designed  to  carry  their  loads  alone, 
although  with  somewhat  higher  unit  strains  than  were  assumed 
for  girders  and  beams.  As  an  afterthought,  with  a  view  of 
eliminating  completely  the  danger  of  rust,  they  were  filled  with 
concrete.  They  were  composed  of  channels  placed  back  to 
back,  with  cover  plates  or  lattice  bars,  according  to  the  load. 
•Where  not  built  into  the  walls  they  were  fireproofed  with  4 
inches  of  brickwork  and  all  the  space  between  this  covering  and 
the  columns  was  filled  either  with  concrete  or  with  mortar  and 
spalls,  which  amounts  to  the  same  thing. 

In  th^  majority  of  cases  this  4-inch  brick  covering  served 
as  a  mold  for  the  concrete.  In  a  few  cases  where  it  was  desired 
to  fill  a  latticed  column  before  the  brickwork  was  built  around 
it,  a  rough  board  was  propped  up  against  the  side  containing 
the  lattice  bars.  As  soon  as  the  concrete  filling  had  set,  the 
board  was  removed.  The  space  between  the  brick  covering 
and  the  column  was  in  all  cases  filled  by  the  masons  with  mortar 
and  spalls,  as  they  were  laying  the  bricks. 

The  aggregate  used  was  broken  brick  or  broken  stone, 
broken  to  pass  a  1-inch  ring,  with  nothing  screened  out  but  the 
dust.  The  proportions  used  were  about  1,  4  and  9,  and  white- 
wash was  used  for  mixing  instead  of  water.  The  concrete  was 
put  in  as  occasion  offered,  after  the  columns  were  plumbed  and 
connected  and  before  other  work  had  advanced  to  points  where 
it  would  make  the  concreting  impossible.  The  concrete  had  to 
be  put  in  a  shovelful  at  a  time,  often  through  the  lattice  bars. 
As  it  usually  had  from  6  to  7  feet  to  40  feet  to  fall,  this  alone 
was  relied  upon  for  ramming.  It  was  made  as  wet  as  seemed 
safe,  to  secure  a  dense  mass;  but  this  had  to  be  watched  care- 
fully to  avoid  bursting  the  covering  on  latticed  columns  by 
hydrostatic  pressure.  In  one  case,  this  happened,  or  else  the 
moisture  in  the  filling  froze  and  the  result  was  the  same.  The 
covering  cracked,  but  was  not  removed  until  the  filling  was 
nearly  a  year  old.  It  was  then  found  to  be  exceedingly  hard 
and  dense,  and  was  apparently  accomplishing  the  object  for 
which  it  was  put  in,  so  far  as  such  a  short  test  could  indicate. 

The  cost  of  labor  involved  in  this  work  has  not  been 
finally  and  accurately  worked  out,  but  it  is  certainly  less  than 
$1.25  per  cubic  yard  of  concrete  placed,  which  seems  reasonable 
enough,  considering  the  conditions  under  which  it  had  to  be 
done.  The  main  difficulty  is  to  get  the  filling  done  at  the 
proper  time  without  delaying  other  work.  It  would  be  a 
troublesome  innovation  to  introduce,  on  this  account.  This 
difficulty  could  be  partially  avoided,  however,  if  it  were  con- 
sidered in  the  design  of  the  steelwork  from  the  beginning.* 

Where  brick  column  casings  are  used  in  United  States  Govern- 
ment buildings,  the  following  specification  is  ordinarily  used: 

Where  brick  casing  is  required  around  columns,  brick  must 
be  built  in  sohd  around  the  steelwork  and  be  bonded  at  alternate 
•  See  Engineering  News,  October  23,  1902. 


A  8j>ar<!  nuiHt  l>o  left  lic^tw^'en  the  brick  and  tiie  stee!, 
urMch  must  be  filled  with  inf»rtur  as  each  course  is  laid.  This 
space  must  be  about  J  inch  (ur  iuterlor  columns  but  not  leea 
than  1  inch  for  all  exterior  cohunns. 

Protection  of  Reinforced  Concrete  Columns^.  —  It  has 

ipreviouHl3^  br'cn  shown  in  Chapter  VIL  tliat  even  reinforced 
connrc!te  requires  some  protective  covering  to  insure  the  integrity 
of  the  effective  loail-bearing  area.  That  this  statement  is  par- 
ticularly true  of  reinforce:!  concrete  columns  is  demonstrated  by 
tests  Diade  in  1904  by  the  National  P'ire  Proofing  Company  at 
their  Chicago  labonitory.* 

The  purposeti  of  the^e  tests  were 

Firstj  to  deteruiine  the  efifect  of  a  continuous  fire  for  three 
hourw,  at  an  average  tenipei'atnre  of  150f>  to  li\00°  F.j  upon  the 
I  luad-t^arrying  strength  of  a.  concrete  column  10 J  by  lOJ  inches 
I  Bquare,  reinforced  with  four  stixH  rods  |-inch  diameter. 

S(MX>nd,  to  determine  the  effect  of  the  same  temperature, 
[  for  the  same  length  of  time,  upon  the  lott  J -carrying  strength 
of  an  exactly  similar  column,  fireproofed  udth  three  inches  of 
solid  porous  terra-cot ta. 

The  results  showed  briefly: 

First,  that  an  unprotected  column  of  the  size  and  descrip- 
tion stated  above,  under  a  temperature  of  1500  to  1600°  F.  for 
three  houi-s,  will  lose  about  70  per  cent,  of  its  original  load- 
carrying  strength. 

Second,  that  ii  similar  column,  protected  with  3  inchoA  of 
solid  pnruus  terra-cotta,  wilJ  withstand  the  same  fire  test  with- 
out any  loss  in  original  strength. 

A  protective  covering  for  reinforced  concrete  columns  may  be 
secured  in  three  different  ways:  1,  by  using  a  casing  of  terra- 
cotta; 2,  by  using  a  casing  of  cinder  concrete,  or  3,  hy  increasing 
the  dimensions  of  the  coUimn  in  the  original  design  l>y  a  sufficient 
amount  of  the  material  to  cover  possible  surface  damage  by  fire* 

1.  Terra-coUa  Froteclion. — Types  of  terra-cotta  protectiozis 
suggested  by  the  National  Fire  Proofing  Compan^'^  are  shown 
in  Figs.  85  and  86.  Solid  porous  terra-cotta  blocks^  2\  inchi^ 
thick  J  are  held  to  the  concrete  by  metal  anchors  placed  as  shown, 

,  and  by  the  mechanical  bond  of  the  concrete  in  the  grooves  in  the 
itile. 

2.  Cinder  Concrete  Frotection,  — The  following  very  practical 


*  For  deacription  of  thoao  testa  see  "Teeta  of  tha  Eff&ot  of  H«iat  on  Rr-in- 
florced    Concrete    Columns,"   Uy  H.    B.    Mai-Farland,   Aaaoc.    Piof.,    Armour 
Institute,  Efiffineerino  iVew»t  September  20,  1905. 
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method  was  followe<l  in  building  the  reinforced  concrete  columns 
in  the  Bush  Termitmi  Wiirehouse^,  Brooklyn,  N.  Y. 

In  order  to  avoid  thf  use  of  wood  column  forms  in  the  build- 
ings, the  cinfier  concn^te  fjasings  wen*  iriado  fimt.  These  con- 
sisted of  steel  wire,  wound  spirally,  eovf^red  with  and  laced  to 
metai  lathj  each  section  being  two  feet  hi^^h.  These  inet-al  forms 
were  then  placed  wdihin  cylindrical  wood  molds,  also  tw^o  feet 
high,  and  of  a  radius  2  inches  larger  than  the  metal  fonn.  The 
2-inch  space  between  the  metal  form  and  wood  mold  \vi4a  then 
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Fia,  85. — Terra-CoUa  Caaing  for 
Reinforced  Concrete  Column. 


Fio.  86,  — Terra-Cotta  Casing  fi 
Heinforced  Concrete  Column, 


tamped  with  cinder  concrete,  which,  when  set,  allowed  the  wood 
njold  to  be  removed,  thus  Itiaving  a  hollow  cylinder  of  cinder 
concrete  2  feet  high,  reinforced  on  the  Inside  by  the  metal  mesh, 
etc.  It  will  be  noted  that  these  can  be  mnde  in  this  w^ay  at  any 
convenient  place,  not  necessarily  at  or  near  the  building.  These 
cylinders  are  then  placed  one  over  the  other  until  the  required 
column  height  is  reached,  thus,  in  themselves,  making  forms 
within  which  the  (M>lumn  rcinforccnioiit  rodri  may  he  placed.  Th 
interior  is  then  fillet!  with  the  load-bearing  concrete*, 

3.  Increasing  Dimensions  of  Reinforced  Con^eie.  —  The  cas- 
ings employed  in  methods  1  and  2^  just  described,  for  protecting 
reinforced  concrete  columns  against  fire  damage,  do  not  con- 
tribute to  the  strength  of  the  columns,  as  neither  terra-cotta 
veneer  nor  cinder  concrete  can  be  counted  on  for  any  positive 
load-bearing  value.  If,  however^  all  reinforced  concrete  col- 
umns were  to  bo  originally  designed  and  built  of  8uch  dimensions 
that  the  outer  material,  to  a  depth  of  several  inches,  was  not  in- 
cluded  in  the  luad-bearing  area,  then  this  excess  material,  added 
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at  the  perimeter,  could  suffer  complete  damage  l«y  fire  without 
affecting  thi?  safety  of  tho  mt^mher,  Rernnstruotiou  would  then 
involve  simply  a  resurfacing.  If  no  fire  damtige  occurred,  the 
column  would  be  ju.st  so  much  stronger  and  stiffer.  To  illus- 
trate:  If  the  load  to  bo  carried  r«*quircd  a  lO-ineh  by  10-inch 
reinforced  concrete  column,  the  load-bearing  area  would  be  100 
srjuare  inches.  If  this  were  protef;ted  by  2  inches  of  cinder 
concrete,  the  eoluirui  would  occupy  practically  200  i^quare  inches 
of  floor  space,  but  be  no  stronger  than  before*  If,  however^  the 
reinforced  concrete  column  were  made  14  inches  by  14  inches  in 
eize,  thus  occupying  the  Bame  f^pace  ai^  the  cinder  protected 
column,  the  lotid-liearuig  area  would  then  be  200  square  inches, 
or  twice  the  efTcciive  arcti  of  the  KKinch  column. 

The  only  uncertainty  in  this  metliod  is  the  probable  depth  of 

dehydration  under  fire.     The  efficacy  of  less  than  4  ituHjCB  of 

stone  concrete  under  any  scjvere  fire  tet  would  be  problematical. 

Mr.  J.  D,  Galloway*  states  that,  in  the  San  Francisco  buildings, 

_iie  found   unprotected  concrete  deh^^drated   and   ruined   to  a 

■pepth  of  4  inches;  als<i,  that  he  obtained  ^'samples  of  rock  coti- 

^crete  which  were  dehydrated  to  a  depth  of  8  inches,  w^ith  the 

WTitten  statement  of  the  architect  that  the  concrete  was  originally 

first  class." 

Concrete-Elled  C'oiunins.  —  No  adequate  fire  tests  have 
ever  been  made  of  cast  or  steel  columns  fdled  with  concrete,  but, 
while  there  is  little  question  that  .such  tests  would  show  increased 
efficiency  over  unfilled  columns,  still,  the  practice  of  relying  on 
filling  instead  of  on  protective  cuvelop(is  would  be  very  cjuestion- 
able,  to  say  the  least.  In  the  San  Francisco  fire  a  few  -hght 
cast-iron  columns  filled  with  concrete  were  undamaged;  hut  the 
principal  reconimendations  attaching  to  this  practice  are  the 

»ja4:lded  stiffnejss  imparted  to  the  memlier  imder  normal  or  fire 
conditions,  and  the  protection  of  the  column  interior  against 
corrasion,  tui  was  pointed  out  in  Chapter  VIII .  Por  a  further 
discussion  of  these  points  see  article  ''Columns  for  Buildings/' 
by  John  Stephen  Seweli,  Captain  U,S.A.j  and  etiitorial,  in  Engi- 
neering New.%  October  23,  1902. 

Pipe  Spaces.  —  It  has  been  pwintcd  out  in  Chapters  VIII 
and  IX  that  the  proper  installation  of  the  mechanical  plant  be- 
comes of  vital  importance  in  fire-resisting  construction.  All 
piping,    etc.,  should    be    carried    in    chases    or    compartmenta 

*  Trfuia&ctloniij  Amen  can  Society  of  Civil  Engmeerfl,  Vol,  LIX,  pa^  Z2^^ 


374        FIRE   PREVENTION   AND   FIRE   PROTECTION 

especially  designed  as  pipe  receptacles,  these  to  be  preferably 
accessible  for  repairs  or  changes. 

As  a  matter  of  economy,  both  in  original  cost  and  in  the  matter 
of  space,  it  has  been  common  practice  to  run  water-,  waste-  and 
vent-pipes,  etc.,  immediately  alongside  the  steel  columns,  and 
inside  of  the  fire-resisting  covering.  Indeed,  open  forms  of  col- 
umns, such  as  the  Z-bar  and  Gray  types,  have  been  extensively 
recommended  as  giving  considerable  pipe  space  within  the 
minimum  circular  or  rectangular  casing. 

The  great  fire  damage  caused  by  this  detail  of  construction 
in  a  number  of  buildings  was  pointed  out  in  Chapter  VI,  while 
Figs.  55,  56,  58  and  59  in  the  present  chapter  show,  respec- 
tively, the  faulty  methods  followed  in  the  Parker  Building  and 
in  three  of  the  Baltimore  buildings.  In  all  of  these  instances 
the  presence  of  metal  conduits  or  piping  within  the  column  cover- 
ing caused  great  loss  to  the  casing,  and,  in  the  Parker  Building, 
to  the  colunms  themselves.  The  expansion  under  heat  of  such 
piping  causes  inevitable  havoc  with  any  form  of  block  casing, 
and  it  is  probably  not  exaggeration  to  say  that  the  presence  of 
conduits  or  pipes  within  terra-cotta  column  casings  in  the  Balti- 
more and  San  Francisco  buildings  did  more  than  anything  else 
to  discredit  terra-cotta  column  protections.  The  same  damage 
would  be  wrought  to  metal-lath  and  plaster  casings,  and,  to  less 
extent,  to  concrete  or  brick  casings,  unless  of  adequate  thickness 
to  prevent  sufficient  conductivity  of  heat. 

The  best  practice  now  condemns  the  running  of  supply-,  vent-, 
waste-  or  other  pipes  within  the  same  enclosed  space  with  the 
steel  column.  Wherever  pipes  run  alongside  of  the  steel  columns, 
they  should  be  separated  from  the  columns  by  an  adequate  wall 
or  protection  of  fireproofing. 

In  the  newer  portion  of  the  Monadnock  Building,  Chicago, 
the  colunms  were  fireproofed  as  shown  in  Fig.  87.  Hollow  bricks, 
laid  in  cement  mortar,  were  built  solidly  around  the  columns  to 
a  line  distant  4  inches  from  the  extreme  points  of  the  metal  work, 
and  a  2-inch  coating  of  hollow  tile  was  then  laid  against  the  brick 
backing,  and  extended  beyond  the  column  in  one  direction  to 
serve  as  a  space  for  the  reception  of  vertical  pipes. 

Practically  the  same  result  may  be  obtained  by  using  a  solid 
casing  of  porous  terra-cotta  or  concrete  around  the  column  in 
place  of  the  hollow  brick.  In  cases  where  independent  and 
/accessible  pipe  chases  are  not  provided  this  detail  will  be  found 


fttigfactory  as  any  that  can  bo  uscil.  Fig.  88  shaws  the 
method  follawfMl  ill  the  upper  stories  of  the  Chicago  Savings  Bank 
Building,  Hokl>ird  arul  Roche, 
architects. 

Fig.  89  illnHtrates  a  coni- 
binetl  column  covering  and  pipe 
chase,  as  used  in  the  new 
Filene  Store  BuilcUtig,  BoKton, 
1912,  D.  H.  Bumham   *&   Co., 


Fin.  87.  —  Brick  and  Tcrra-Cotta  Col- 

iimiii  and  Pli>e  Thasu^,  ^lonadnock 

Building,  Chicago. 


I 


Fig.  S8.  —  Hollow  Tile  Pifjc  Cha.se  at 

Coluum,  Chicago  Savings  Bank 

Building. 


arthitect.a.      The  i.solat(*d  cohimns  arc  first  surroundfYl  with  a 
concrete  made  of  1  part  Portland  cement,  3  parts  torpedo  sand 


Plaster 


■^    Concrete 


Pliunblns 
CJiusc 


-ConcrBte  and  Tile  Casing  and  Pipe  Chase.  Fiteoe  Store  Bundinc^ 
Boston^  —  D.  H.  BiLrikB.Bjn  4t  Company,  kic\L\l«t^VA« 
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and  5  parts  stone  broken  to  pass  through  a  J -Inch  mesh  spreeni' 
The  hollow  tile  noveringa  aro  made  of  Kpecial  8hap<*,  each  block 
secured  to  iid joining  ones  by  means  of  keys,  and  to  the  columns 
by  means  of  heavy  galvanized  wife.  The  method  of  building 
thcfie  ca^sings  was  thu«  specifiiKl: 

All  interior  columns,  where  fireproofed  with  tile^  shaJl^  a*^ 
the  work  m  laid  up,  liave  the  voids  between  the  steel  and  the 
tile  enclosure  completely  fille<l  with  stone  concrete.  This  work 
must  iie  executed  as  the  laying  of  the  tile  progresses,  and  be 
solidly  tamped;  and  in  no  case  shall  the  tile  be  carried  more 
than  one  foot  above  the  fiUing  before  the  voids  are  again  filled. 

The  tile  arches  imm43<l lately  above  the  column  enelosur 
shall  he  left  out  until  the  column  enclosure  is  set  in  place, 
enable  the  thorough  fireproofing  of  the  columns. 

In  the  ease  of  circular  or  elliptical  forms  the  casing  may  be 
made  eccentric  to  provide  the  necessjiry  room,   as  shown   in 


^:^' 


-20' 


Mpe 
Space 


; 


Fta.  fiO.  — Hollow  Tile  Column  Casing 
and  Pipe  Chase,  Adama  Buildiag, 
Chicago. 


pjaster^ 


Fio,  fll.  —  Concrete  aiul  :\Ietal  Lath 
aod  Plaster  Column  Cafiiu^  and 
Pipe  Chase.  j 


Fig.  90  and  as  used  in  the  "Adams'^  I^uilding,  Chicago^  Hola- 
bird  and  Rochoj  architects. 

A  concrete  and  metal  lath  and  plaster  casingj  including  Bpace 
for  pipes  and  wires,  k  shown  in  Fig.  91. 
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In  the  best  practice,  the  piping,  especially  if  of  any  consider- 
able size,  is  tied  to  and  partially  supported  by  the  floor  beams 
and  girders  by  means  of  anchors  or  straps. 

In  designing  the  pipe  space,  the  casing  should  preferably  be 
of  sufficient  thickness  to  prevent  the  transmission  of  enough  heat 
to  warp  the  piping;  or,  if  a  thin  casing  is  used,  the  piping  should 
be  kept  far  enough  away  from  the  casing  to  allow  of  a  reasonable 
amount  of  lateral  expansion  without  causing  contact  with  the 
envelope. 

The  methods  described  above  will  protect  the  columns  against 
attack  by  fire,  and  at  the  same  time  prevent  deterioration  from 
corrosion  due  to  the  immediate  presence  of  piping  near  the  metal 
members.  A  coating  of  some  waterproof  material  over  the 
inner  solid  casing  would  be  of  value  where  piping  is  run  in  this 
manner. 

Column  Guards.  —  In  mercantile  or  storage  buildings,  where 
hand  trucks  are  used  in  transferring  merchandise,  the  column 
shafts  should  be  protected  to  a  height  of  from  5  to  8  feet  by  iron 
or  wooden  column  guards. 

These  are  usually  made  of  A-inch  or  f -inch  steel  plates,  spliced 
vertically.  They  may  be  fastened  either  to  the  finished  floor  or 
to  the  rough  underflooring.  The  guards  are  usually  made  with 
shghtly  rounded  comers  for  rectangular  casings,  and  of  circular 
form  for  circular  columns,  and  of  size  to  fit  closely  around  the 
fireproofing.  The  plaster  finish  is  then  applied  to  the  fireproofing, 
coming  flush  with  the  metal  guards.  A  small  cast  moulding  is 
sometimes  attached  to  the  upper  edge  of  the  guard  to  conceal 
the  joint  between  the  guard  and  the  plaster. 

Three-quarter  inch  by  2-inch  oak  strips,  spaced  about  1 J  inches 
apart,  and  bound  by  iron  bands,  are  also  used  as  column  guards. 

Such  casings  form  a  valuable  protection  against  damage  from 
passing  trucks,  falling  packing  cases,  etc.,  all  of  which  tend,  in 
time,  to  loosen  or  even  break  the  fire-resisting  covering. 

Terra-cotta  Tile  Columns.  —  Remarkable  demonstrations 
of  the  load-carrying  capacity  of  columns  made  solely  of  blocks 
of  terra-cotta  tile  have  been  afforded  by  tests  made  by  the 
National  Fire  Proofing  Con^any,  and  by  trial  in  actual  practice. 
Special  forms  of  hollow  tile'  blocks  have  developed  such  strength 
that  they  may  safely  be  used  as  columns,  without  metal  uprights 
of  any  kind,  in  buildings  of  seven  or  even  of  eight  stories  in 
height,  while  in  lower  structures,  tile  block  columns  of  several 
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forms  may  easily  be  designed  to  supplant  cast-iron  or  even  steel 
supports. 

"Monarch"  TUe  Block  Columns  are  made  of  special  hard- 
burned  blocks,  4  inches  by  8|  inches  in  area,  and  8  inches  long, 


r^ 

894^^ 

► 

w 

l-i 

Fia.  92.  — "Monarch"  Tile  Block 
Column,  Unit  Block. 


Fig.  93.  —  **  Monarch  "  Tile  Block 
Column,  17J  Inches  Square. 


with  IJ-inch  outside  walls  and  1  J-inch  webs,  as  shown  in  Fig.  92. 
These  units  may  be  combined  to  form  rectangular  columns 
varying  in  size  from  Si  inches  square  up  to  31  inches  square, 
as  given  in  the  following  table.  The  arrangement  for  a  17^- 
inch  by  17i-inch  column  is  shown  in  Fig.  93. 

The  safe  loads  and  weights  per  lineal  foot  of  "Monarch" 
columns  are  given  in  the  following  table: 


Size  of  column. 

Safe  load  in 

No.  of  tile  in 

No.  of  tile  per 

Weight  of  col. 

pounds. 

cross-section. 

lineal  foot. 

per  lineal  foot. 

Ins. 

Lbs. 

31  X31 

612,500 

24i 

364- 

612 

31  X26J 

525,000 

21 

31i 

525 

26^X261 

450,000 

18 

27 

450 

26^X22 

375,000 

15 

22i 

375 

22  X22 

312,500 

121 

181 

312i 

22  X17J- 

250,000 

10 

15 

250 

mxi7i 

200,000 

8 

12 

200 

17iXl3 

150,000 

6 

9 

150 

13  X13 

112,500 

4J 

6i 

112i 

13  X  8i 

75,000 

3 

4§ 

75 

8^X  81 

50,000 

2 

3 

50 

The  above  table  of  loads  is  based  on  columns  in  which  the  ratio  of  maximum 
height  to  least  dimension  is  twelve  to  one. 

Tests  have  developed  an  ultimate  strength  of  6,873  lbs.  per 
square  inch  of  net  area  for  a  column  of  a  length  equal  to  eleven 
times  the  diameter.     The  joints  were  i-inch  thick,  of  a  1:4 
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eement  mortar.  Another  test  column  of  18  diameters  developed 
a  atresogth  of  5,344  lbs.  per  49qtiare  ineh.  From  these  and  other 
tests,  the  National  Fire  Proofing  Company  claim  that  a  oonser- 
yative  aafe  load  per  square  indi  of  net  area  in  compression  is 
1,000  pounds. 

This  type  of  column  was  used  throughout  the  Julin  Ware* 
house,  Chicago,  1907. 

■«talforeed  Terr»-eotta  Columns.  —  An  experimental  test 
odomn  of  the  '' Invincible"  pattern,  as  shown  in  Fig.  94,  was 


fi-% '  'vriMtea  SteeLSoda 


Fia.  94. — •*  Invincible  "  Reinforced  Terra-Cotta  Column. 

tested  by  the  Robert  W.  Hunt  Company,  for  the  National  Fire 
Proofing  Company,  up  to  1,500,000  pounds,  or  4,109  pounds  per 


Fig.  95.- 


'  Natco  "  Column  Construction. 


square  inch  of  net  section,  without  sign  of  failure.    The  final 
compression  or  "set,"  after  the  load  was  removed,  was  but 
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.006  inch  in  19  feet.  The  column  was  built  of  special,  hard- 
burned  tile,  laid  up  with  i-inch  Portland  cement  joints,  and 
reinforced  with  six  |-inch  twisted  steel  rods.  The  tile  were  laid 
in  two  concentric  rings,  the  inner  one  being  made  up  of  three 
tile,  and  the  outer  of  seven,  as  shown  in  Fig.  90.  The  reinforcing 
rings  were  placed  in  the  joints  between  the  inner  and  outer  rings. 

**Natco"  Column  Construction^  as  used  by  the  National  Fire 
Proofing  Company  for  residences  and  other  buildings  of  a  few 
stories  only,  is  shown  in  Fig.  95..  It  will  be  noted  that  the  ver- 
tical joints  between  the  tile  are  broken  in  the  alternate  courses. 
The  tile  should  be  slipped  over  the  vertical  reinforcing  rods,  and 
the  concrete  filling  should  be  poured  course  by  course. 

Conclusions.  —  Column  protections  should  not  be  skimped 
or  slighted,  as  inadequate  thicknesses  of  materials  or  inefficient 
details  may  endanger  the  entire  structure.  Good  protection 
requires  a  more  or  less  increased  first  cost,  but  will  pay  for  itself 
in  added  security  to  the  structure,  and  in  reduced  reconstruction 
costs  after  fire. 

Average  present-day  methods  are  unsatisfactory,  but,  keeping 
the  commercial  aspect  in  mind,  methods  should  be  limited  or 
improved  as  follows: 

Single  metal  lath  and  plaster j  not  trustworthy,  should  not  be 
used. 

Double  metal  lath  and  plaster  with  air-space,  efficient  for  ordi- 
nary hazards,  light  in  weight,  easy  of  reconstruction. 

Gypsum  blocks  combine  light  weight,  low  conductivity  and 
httle  or  no  expansion  under  heat,  but  are  subject  to  calcination 
and  erosion;  severe  test  usually  requires  complete  replacement. 

Terra-cotta  tilcj  excellent  material  if  porous,  but  often  com- 
bine insufficient  thickness  with  poor  workmanship.  Casings 
should  be  made  of  smaller  sized  and  heavier  tile,  3  inches  or 
4  inches  in  thickness,  well  wired  or  anchored,  casings  to  be  pref- 
erably circular  to  avoid  comers,  laid  in  cement  mortar.  Added 
expense  over  usual  inefficient  casings  would  be  small,  but  would 
result  in  greatly  increased  efficiency  and  low  reconstruction  costs. 

Cinder  concrete j  light,  efficient  and  cheap;  usually  requires 
forms  for  building;  subject  to  erosion,  but  reconstruction  easy. 
Corrosive  tendencies  questionable. 

Brickf  nothing  more  efficient,  but  heavy  and  expensive. 


CHAPTER  XIII. 
FIRE-BESISTING  PARTITIONS 

Functions  of  Partitions.  —  The  word  partition  is  here  used 
principally  to  designate  those  light  and  easily  removable  walls 
or  screens  which  are  not  depended  on,  in  the  least,  for  the 
structural  entity  of  the  building,  but  which  are,  nevertheless,  of 
great  importance  in  the  fire-resisting  qualities  which  should  be 
developed  in  the  plan. 

Although  the  following  discussion  of  partitions  will  be  equally 
applicable  to  all  classes  of  buildings  intended  to  be  fire-resisting, 
some  of  the  points  to  be  especially  emphasized  will  be  made 
plainer  if  applied  to  those  buildings  which  are  commonly  divided 
into  comparatively  small  units  of  area  by  means  of  numerous 
partitions  —  as,  for  example,  hotels,  apartment  houses,  or  oflice 
buildings. 

It  will  be  seen  at  once  that  such  dividing  .walls  have  two  en- 
tirely distinct  functions  to  fulfill.  The  first  is  that  of  light 
screens  to  subserve  purely  arcliitectural  requirements  as  to  the 
subdivision  of  large  areas  into  those  units  of  space  required  by 
the  use  of  the  buildin*?  —  in  other  words,  to  form  offices,  rooms 
or  corridors,  or  to  enclose  stairs,  elevators,  or  other  architectural 
subdivisions. 

The  second  function  of  such  partitions  is  their  ability  to  act 
as  fire-stops,  either  simply  to  localize  incipient  firo,  or,  more 
broadly,  to  contribute  to  the  safety  and  efficiency  of  the  strur^ture 
ds  a  whohj  when  threatened  by  severe  conditions  from  either 
within  or  without. 

>iovv  it  is  perfectly  evident  that  these  two  sep  irate  functions, 
architectural  and  fire-resisting,  are  almost  impossif)le  of  ideal 
realization  in  one  and  the  same  partition  —  at  least  under  present 
ordinary  methods  of  design;  for,  to  serve  the  architect's  require- 
ments of  subdivision,  doors  must  be  introduced  for  intercom- 
munication, and  frequently  window  openings  or  toplights  are 
used  for  the  transmission  of  fight  from  room  to  corridor  or  from 
corridor  to  room,  the  openings  usually  occurring  on  at  leaat  o\!^'e.^ 
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and  frequently  more  sides  of  every  unit  of  area.  But,  from  the 
standpoint  of  fire-resistance,  such  openings  should  be  disi>en8ed 
with  entirely,  as  their  presence  diminishes  the  eflficacy  of  the 
partition  in  direct  proportion  to  their  number  and  size,  .  In- 
deed, some  fire  protectionists  go  so  far  as  to  say  that  any  plan 
requiring  windows  or  topUghts  in  partitions  for  the  purpose  of 
lighting  corridors  or  other  areas  is  proved  defective  through  this 
error  or  weakness  in  design  alone.  This  is  undoubtedly  a  rather 
unfair  claim,  considering  the  limitations  and  economy  of  room 
usually  forced  upon  the  architect,  but,  nevertheless,  it  is  still 
unfortunately  too  true  that  at  least  ninety-five  partition  con- 
structions out  of  one  hundred  show  that  the  architectural 
functions  of  partitions  are  utilized,  while  their  fire-resisting 
functions  are  hardly  considered.  This  is  evidenced  by  the 
heretofore  almost  universal  introduction  of  wood  doors  and 
frames  and  wood  toplight  sash  and  trim  into  so-called  fire- 
resisting  partitions.  If  the  partitions  are  really  intended  to 
contribute  any  fire-resistance  whatever  to  the  structure,  there 
can  be  no  excuse  for  using  wood  doors  or  window  areas,  while, 
conversely,  if  wood  doors  and  trim  are  to  be  used,  why  go 
to  the  useless  expense  of  providing  fire-resisting  partitions 
when  lighter  and  cheaper  plaster  constructions  will  be  found 
quile  as  effective  against  fire  as  the  woodwork  introduced,  and 
even  quite  as  effective  as  the  ordinary  terra-cotta  partition  used 
in  conjunction  with  woodwork?  To  quote  from  the  motto  used 
by  a  well-known  fireproof  door  company,  "A  fireproof  door  is 
not  intended  for  a  wood  partition,  neither  is  a  wood  door  in- 
tended for  a  fireproof  partition."  Consistent  partition  construc- 
tion would  involve  either  the  use  of  materials  throughout  which 
are  confessedly  non-fire-resisting  —  wood  studs,  plaster,  wood 
doors  and  sash  —  or  else  materials  and  constructions  of  no  sham 
or  false  pretense,  which  will  really  prove  fire-resisting  in  deed  as 
well  as  in  hopes. 

Bequlrements  of  Fire-reslsting  Partitions.  —  An  ade- 
quate fire-resisting  partition  must  fulfill  the  following  require- 
ments: 

1.  Architectural  service,  to  secure  convenient  subdivisions  of 
area. 

2.  Fire-resisting  arrangement  or  planning. 

3.  Fire-resisting  qualities,  or  ability  to  resist  attacks  by  fire 
and  water. 
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4.  Stability  of  position,  or  ahility  to  resist  hose  streams  or 
falling  d^>ris;  ancj,  of  particular  importance  in  some  cases, 

5.  Deadening  qualities,  in  preventing  the  transmission  of 
eound. 

The  architectttml  f unctioTis  of  partitions  and  their  planning  or 
fire-resisting  amine:enient  .slifiuld  l>e  workixl  out  tOKether,  The 
profKKsed  U8(?  of  tho  ItiiiltlinK  i^nd  its  exposure  will  det^^rmino  the 
particular  pointa  of  fire-safety  wiiieh  need  most  consideration  — 
whether  the  isolation  of  especially  dangerous  risks,  the  safety  of 
large  numbers  of  pe<jple  through  flame  and  smoke  cut-offs,  or 
the  localizmg  of  many  art^us  witliin  which  risks  are  equal,  a^  has 
l)ecn  pre\4oiisly  discusseti  at  greater  length  in  Chapter  IX, 
paragraph  "Subdivision  of  Large  Areas." 

It  will  benr  mpeutiTig  that  the  second  requirement,  viz.,  the 
fire-resisting  planning  of  partitions,  should  mt^an  more  in  arjy 
important  building  than  the  mere  ability  of  partitions  simply 
to  localize  incipient  fire*  The  structure  nhould  be  considered 
a^  a  whole,  in  connecrtion  with  its  exposure,  its  neighbors,  and 
its  own  inherent  dangers^  in  an  endeavor  to  provide  against 
wide-spread  fire  loss  from  either  interior  or  exterior  severe  con- 
ditions. In  otiier  words,  what  element  of  safety  to  the  strurture 
may  the  whole  partition  system  contribute,  in  subdividing  the 
building  into  protected  main  arejis  by  me4in8  of  stilid  Ijrick  diviil- 
ing  walls?  Thesi;?  areas  to  l>c  again  divided  by  less  efficient 
partitions,  but  still  amply  fire-resisting,  all  to  be  so  distributed 
and  constructed  tis  to  make  even  eonfiagration  condttionn  le.s3 
destructive  than  would  other%vise  lie  the  case.  This  possible 
office  of  partition  planning  is  gen(*rully  lost  sight  ofj  and  yet  it 
js  safe  to  say  that  had  this  general  principle  been  conjgidered  in 
any  q(  the  scKculk*ii  fire-resisting  buildings  destroyed  in  the  Bal- 
timore iind  San  Francisco  fires,  larger  interior  areas,  away  from 
the  direct  line^  of  attack,  might  have  been  found  almost  un- 
touciied  in  many  structures. 

The  interior  construction  of  the  building  should  be  such 
4hat|  should  a  fire  by  any  ctiance  be  intrtnlucccl  from  the  out- 
side, it  could  be  confined  al>solutely  to  the  room  or  rooms  to 
which  it  limla  access.  8ucii  a  Ihing  as  a  conflagnition  sweeping 
through  a  building  can  be  made  mipossibfe  at  reasonable  ex- 
pense, provided  unnecessary  architectural  finish  be  omitted  and 
ihe  money  ordinarily  expended  on  it  be  applied  to  otlier  thingt?.* 

•  Gapt&in  John  fitepheQ  Sewcll.  in  LTaltcd  Statea  Ceolofi;iG&l  Bulletin  No. 
!:4,  page  128. 
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Requirements  3  and  4,  or  the  ability  of  partitions  to  resist 
fire  while  still  retaining  their  integrity  of  position  under  hose 
streams  or  shock  from  falling  d^ris,  will  be  considered  in  later 
paragraphs,  as  will  also  the  deadening  of  sound  qualities  of 
various  constructions. 

Types  of  Partitions  in  Common  Use.  —  Partitions  may 
be  divided  into  two  general  classes,  viz.,  load-bearing,  or  those 
partitions  which  carry  floor  or  other  structural  loads,  and  non- 
load-bearing,  or  those  partitions  which  are  introduced  for  divi- 
sional purposes  only. 

The  former  include  brick,  concrete,  tile,  and  combination  tile 
and  concrete.  The  latter  include  light  sheathings,  etc.  (gen- 
erally non-combustible  rather  than  thoroughly  fire-resisting),  and 
the  more  efficient  metal  lath  and  plaster,  plaster-block,  terrar 
cotta,  and  concrete  constructions.  These  will  now  be  examined 
in  some  detail,  both  as- regards  their  fire-resisting  qualities  and 
their  construction,  etc. 

For  partitions  enclosing  vertical  openings,  see  Chapters  XV 
and  XVI. 

Tests  of  Partitions  in  Various  Fires.  —  As  to  actual  fires, 
exceptions  may  be  quoted  which  will  apparently  overthrow  any 
general  deductions,  and  still  it  is  undoubtedly  true  that  common 
experience  has  shown  the  utter  unreliability  of  average  present- 
day  methods.  Indeed,  present  types  of  so-called  fire-resisting 
partition  construction  constitute  the  weakest  feature  in  fire- 
resisting  design.  This  is  due  not  so  much  to  the  materials 
employed  in  the  best  constructions  as  to  the  methods  of  their 
use.  Wood  doors,  windows,  wooden  base  strips  and  frames,  in- 
stability, under  hose  streams  or  falling  material,  and  carelessness 
in  erection  have  all  been  contributing  factors  in  this  recognized 
inefficiency. 

Numerous  examples  have  been  quoted  in  Chapter  VI,  —  the 
Home  Office  Building  where  tile  partitions  were  built  upon 
wood  strips,  the  Granite  Building  in  Rochester  where  wooden 
strips  were  built  into  the  tops  of  the  partitions  at  the  ceiling 
line  (see  Fig.  96),  and  the  Home  Life  and  Parker  Buildings, 
where  wooden  doors,  windows  and  trim,  etc.,  made  a  disastrous 
result  inevitable.  In  the  Home  Life  Building,  thin  plaster  par- 
titions were  also  shown  to  be  inefficient. 

Partitions  In  Baltimore  Fire.  —  Without  quoting  testimony 
from  the  iiidividuai  buildings,  it  may  be  said  that  the  Baltimore 


Fto,  9d.  — Granite  Buitdipg  Fire.    Ymw  on  8th  Floor. 


or  tile,  and  plaster  block.  The  results  wore  unexpected,  even 
to  those  most  familiar  with  fire-resist  in  ^^  methods.  The  writer, 
in  a  three  days'  critical  ex^imiiiation  of  tlie  build idrs,  did  not 
find  &  single  example  of  a  stable  and  undamaged  partition  which 
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had  been  subjected  to  a  severe  test.  The  following  Rumraar 
from  the  report  of  the  National  Fire  Protection  Association  atati 
the  conditions  plainly  but  fairly: 

All  room  partitions,   ixa  ordinarily  confitnietod    of   hollow 
tile,  plaster  l>lorkfl,  metal  lath  ami  plaster  or  similar  materia 
are  readily  destroyed  by  severe  fire. 

The  al)Ove  Htattiment  la  intended  to  (?all  attention  to  the^ 
fact  that  such  partitions  are  by  no  means  firnpn>of,  althoiiglj  in 
some  degree  fire-rei*i.stive,  and  that  the  damage  to  them  will 
necessitate  considorable  expenfliturc  for  their  reconstruction. 
The  fact  should  not  he  overlooked,  however^  that  tuiy  subdi- 
vision by  incombustible  partitions  is  of  value  in  retarding  th 
spread  of  fire. 

Hollow  terra-cotta  tile  -5  inches  or  more  in  thickness  is  " 
the  most  desirable  partition  of  tlic  typc^  enumerated  above, 
but,  like  tilo  covcrin^i^s  for  coiumnSj  tlie  ordinary  method  of 
constniction  is  not  sufficiently  rigid*  Tliis  is  due  partly  to  tlu' 
use  of  large  blocks  sot  up  on  end^  to  tlic  use  of  a  jxwir  ijuality  of, 
imortar,  and  to  the  fact  that  the  tile  breaks  v^hen  subjected 
ievere  heat* 

The  desitriK'tion  of  the  tile  partitions  in  the  Baltimore 
builcHngs  would  also  appear  to  b(i  largely  due  to  the  absout^c  of 
Bubstantial  non-combustible  support, s. 

The  total  failure  of  the  plaster-block  pailitions  was  ooe 
spicuous,    as    they    softened    and    cnmiblecl    away    completel]^ 
under  fjcat*     Partitions  made  of  plaster  on  metal  lath  seem 
make  a  better  showing  where  no  water  is  used,  Imt  in  all  case§S 
the  supporting  studa  were  of  light  metal,  and  these  coUapsefi 
before  the  pliister  was  fairly  testeil.     Plaster  partitions  have 
made  &  poor  showing  in  former  fires  where  water  was  used. 
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Partitions  In  San  Franeisco  Fire.  —  A  most  drastic  cril  i- 
cism  of  partition  constructions  is  contained  in  the  report  on  the 
Ban  Francisco  fire  made  by  the  eommitt^^  of  members  of  the 
American  Society  of  Civil  Engineers,  as  follows  r 

Partitions  were  of  trrra-eotta  tile^  and  of  wire  lath  and 
plaster,  either  solid  or  hollow.  All  kinds  were  dcstrfjyed.  In 
the  tile  partitions  the  mortar  joints  were  disintegratevl,  tlic 
plaster  was  de^stroyed,  and  tlie  tiles  were  made  lirittle.  f>nc 
couid  pull  down  with  the  hand  any  partition  in  tlui  Mills  Build- 
ing, all  of  which  w^ere  of  tile*  Metal  lath  and  phister  partition;! 
were  completely  wrecke<i,  but  the  lath  might  lie  considfTed  vis 
ealvage.  The  use  of  wooden  grounds  around  dooi's  and  tran- 
Boms  helped  the  destruction,  but  it  is  difficult  to  see  what  would 
have  prevented  the  damage.* 


•  Trttns&ctaona  Am,  Soc.  C.  £.|  VoL.LIX,  paga  23&. 
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Captain  Sewell  is  just  about  as  pessimistic:  "  In  a  general  way 
it  may  be  said  that  practically  all  the  interior  partitions  that 
were  not  built  of  brickwork  were  a  total  loss,  being  absolutely 
inadequate."* 

Howev^,  it  should  be  stated  that  much  misrepresentation  has 
occurred,  especially  through  photographs,  of  partition  and  other 
damage  in  the  San  Francisco  buildings.  This  has  been  due  to 
not  differentiating  between  earthquake  damage  and  fire  damage. 
Thus  the  conditions  in  the  Hall  of  Justice  have  often  been  shown 
pictorially  as  pointing  to  the  failure  of  partitions,  column  pro- 
tections, suspended  ceilings,  etc.  ,*  whereas  this  building  was  con- 
fessedly badly  racked  by  the  earthquake.  Lath  and  plaster 
partitions  in  the  Fairmont  Hotel  have  also  been  quoted,  whereas 
the  real  cause  of  failure  lay  in  the  great  settlement  of  many  floors, 
several  feet  in  cases,  due  to  the  settling  of  columns  in  lower  stories. 

Partition  Tests.  —  More  or  less  systematic  fire  and  water 
tests  on  partition  constructions  have  been  made  by  the  New 
York  Building  Department,  by  the  Underwriters'  Laboratories, 
and  by  the  British  Fire  Prevention  Committee.  Special  terra- 
cotta load-bearing  partitions  have  been  tested  for  strength  only 
by  the  National  Fire  Proofing  Company,  as  described  in  a  liter 
paragraph. 

It  must  be  borne  in  mind,  however,  as  was  previously  pointo.l 
out  in  Chapter  VI,  that  experimental  tests  arc  not  comparable 
in  practical  value  to  tests  afforded  by  actual  fires.  This  is  par- 
ticularly true  of  partitions,  for  the  rciison  that  test  conditions 
usually  comprise  small  areas,  unpierced  by  doors  or  windows, 
while  actual  tests  reveal,  of  necessity,  the  weaknesses  inherent 
to  practical  usage.  This  point  is  further  discussed  in  a  later 
paragraph  "Reasons  for  Failure  of  Tile  Partitions." 

The  New  York  Bureau  of  Buildings  requires  that  all  proposed 
fire-resisting  partition  constructions  shall  satisfactorily  pass  a 
uniform  test  before  being  approved  for  use.  The  conditions  of 
this  test  have  previously  been  given  in  Chapter  V,  page  124. 
The  test  houses  used  are  also  similar  to  those  described  in  Chap- 
ter V,  the  partition  materials  or  constructions  forming  the  long 
sides  of  the  kiln.  * 

These  tests  were  inaugurated  in  1901,  at  which  time  22  differ- 
ent partitions,  representing  14  distinct  types  of  manufacture 
(6  of  plaster  blocks,  1  of  concrete  blocks,  5  of  metal  lath  and 

*  Bulletin  No.  321,  page  72. 
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plaster  and  2  of  terra-cotta  tile)  were  subjected  to  trial.  Some 
of  these  will  be  referred  to  in  detail  under  later  headings,  but  they 
may  be  briefly  summarized  as  follows:* 

The  plaster-block  or  composition  partitions  all  showed  portions 
washed  away  by  the  action  of  hose  streams,  the  cellular  blocks 
being  so  destroyed  as  to  expose  the  interior  cells. 

The  metal  lath  and  plaster  partitions  showed  no  serious  damage 
to  the  metal  frameworks,  but  the  plaster,  i.e.,  the  only  fire- 
resisting  medium,  was  more  or  less  destroyed  on  the  fire  side 
where  water  was  apphed,  although  the  partitions  were  still 
capable  of  reconstruction  in  every  case. 

Of  concrete-block  partitions,  one  test  only  was  made.  In  this, 
the  plaster  was  stripped  from  the  exposed  wall,  but  the  partition 
proper  remained  pliunb  and  apparently  uninjured. 

Terra-cotta  partitions  were  subjected  to  two  tests.  The  only 
effect  of  the  fire  was  to  destroy  the  plaster  in  places. 

Various  other  constructions,  including  reinforced  concrete, 
have  been  tested  during  the  years  following  1901. 

The  Undenoriters*  Laboratories,  Inc.,  have  favorably  passed  a 
number  of  materials  and  devices  for  partition  construction  under 
certain  limitations.  Thus  hollow  "Pyrobar"  partition  blocks, 
made  of  gypsum,  and  Sackett  plaster  board  and  gypsinite  stud- 
ding, are  approved  under  certain  conditions,  as  will  be  shown 
later. 

The  British  Fire  Prevention  Committee  have  devoted  seventeen 
of  their  "Red  Books"  to  tests  of  various  partition  constructions, 
nearly  all  of  which  are  of  essentially  English  practice.  Two  of 
the  tests,  however,  are  of  decided  interest. 

"Red  Book"  No.  102  describes  a  fire  and  water  test  on  a 
9-inch  wall  and  a  3-inch  partition  made  of  "asbestic"  bricks,  viz., 
sand-lime  bricks  made  with  an  admixture  of  asbestic.  Both 
wall  and  partition  failed  completely  by  collapse. 

The  test  of  a  porous  terra-cotta  partition  described  in  "Red 
Book"  No.  99  is  referred  to  in  detail  on  page  402. 

United  States  Geological  Survey  Tests,  made  at  the  Under- 
writers' Laboratories,  Inc.,  Chicago,  included  two  tests  of  par- 
tition tile.     These  tests  are  described  on  page  402. 

Load-bearing  Partitions  may  be  of  brick,  concrete,  or  of 
structural  tile,  but  as  such  partitions  are  generally  classed  as 
walls,  they  will  be  discussed  in  Chapter  XX.  Combination  tile 
*  For  detailed  accoiint,  see  Engineering  News,  December  26,  1901. 
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and  concrete  walls,  suitable  for  moderate  loads,  are  described  in 
Chapter  XXIV. 

The  desirability  of  providing  efficient  "fire"  or  "cut-off" 
walls,  either  surrounding  dangerous  portions  of  the  structure, 
or  surrounding  hazardous  contents,  or  in  hmiting  areas,  as  pre- 
viously discussed  in  Chapter  IX,  would  point  to  the  advisability 
of  considering  the  possibihties  of  all  load-bearing  partitions  from 
these  standpoints. 

Non-load-bearlns  Partitions.  —  Interior  partitions  of  or- 
dinary thicknesses,  whether  of  plaster,  composition  or  terra- 
cotta, are  usually  assumed  as  forming  a  portion  of  the  dead 
load  carried  by  the  floor  system.  They  are  placed  in  almost  any 
position  on  the  floor,  regardless  of  the  locations  of  the  floor 
beams. 

Hollow  Metal  Lath  and  Plaster  Partitions.*— A  hollow 
partition,  finishing  4  inches  thick,  is  constructed  by  the  Roebling 
Construction  Company  as  shown  in  Fig.  97.     The  studs  are  made 


Fig.  97.  —  Hollow  Metal  Lath  and  Plaster  Partition. 

of  2-inch  by  J-inch  flats,  spaced  12  inches  centers,  fastened  top 
and  bottom  by  means  of  knees.  Angles  or  channels  are  used  to 
frame  for  all  openings. 

Stiffened  wire  lathing  is  secured  to  both  sides  of  the  studs  to 
receive  the  plaster,  which  consists  of  three  coats  on  each  side  — 
scratch,  brown  and  finishing  coats.  Wood  furring  blocks, 
where  required,  are  attached  to  the  studs,  or  to  the  wire  rods 
woven  into  the  netting,  by  means  of  staples. 

The  weight  per  square  foot  is  22  pounds,  including  plaster. 

A  type  of  hollow  plaster  partition  erected  by  the  Expanded 
Metal  Companies  is  made  of  2-inch,  3-inch  or  even  4-inch 
''Prong  Lock"  patent  studs,  made  by  the  Berger  Manufacturing 
Company  as  shown  in  Fig.  98.     These  are  spaced  about  12  incli 

*  For  description  of  Metal  Laths,  etc.,  see  "Furring,"  Chaic>\fei  "XX\.% 
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centers,  fastened  top  and  bottom  to  channels  laid  along  the 
partition  lines,  and  stiffened  by  means  of  horizontal  members  or 
bridging  cut  in  between  the  studs. 
Metal  lath  is  then  locked  to  both 
sides  of  the  uprights,  which,  when 
plastered,  leaves  an  au'-space  over  the 
entire  area. 

Another  hollow  partition  constructed 
by  the  same  companies  is  made  of  studs 
which  consist  of  two  J-inch  angle  irons, 
riveted   together   with   pieces    of    light 
ILjy  ''X..\\--  strap  iron  every  2  feet  or  3  feet  in 

'^^l  'I  I  ^  height  (see  Fig.  99).  For  ordinary 
partitions,  tlie  angles  are  generally 
placed  4  inches  out  to  out,  which,  with 
the  lathing  and  plaster  on  both  sides, 
makes  the  total  thickness  6  inches. 
The  studs  are  set  12  inches  centers. 

The  studs  are  held  top  and  bottom 
by  means  of  straps  or  angle  knees, 
which  are  bolted  to  the  studs  and 
nailed  directly  to  the  floor  arches.  A 
l§-inch  slotted  hole  is  left  in  the  top 
knees,  to  allow  for  inequahties  in  height. 
Expanded  metal  lath,  No.  24  gauge,  is 
usually  employed,  with  gauged  Portland 
cement  mortar. 

This  detail  may  be  used  for  any 
thickness  of  partition,  to  enclose  vent  flues,  heating  pipes  or 
other  features  which  may  require  a  thick  double  partition. 


Fro.    98. —  "Prong    Lock' 
Partition  Studs. 


Fig.  99.  —  Hollow  Plaster  Partition,  Expanded  Metal  Company's  Type. 

Solid  Metal  Lath  and  Plaster  Partitions.  —  A  2-inch  solid 
plaster  partition  used  by  the  Roebling  Construction  Company 
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fe  shown  in  Fig.  100.     The  studs  consist  of  either  J-inch  channels 
or  1-inch  by  tV-inch  flats,  spaced  16  inches  centers,  secured  by 
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Fig.  100.  —  2-inch  Solid  Plaster  Partition. 

top  and  bottom  knees  to  the  floor-arch  construction.  Where 
stone  concrete  floors  are  used,  wood  plugs  are  inserted  for  fasten- 
ings, while  for  cinder  concrete  slabs  or  fill,  nails  are  driven. 

No.  24  gauge  expanded  metal,  or  wire  lathing  stiffened  with 
J-inch  solid  steel  wires  or  ribs  woven  in  every  7  J  inches,  is  laced 
to  one  side  of  the  studs  with  No.  18  galvanized  wire.  If  stiffened 
wire  lathing  is  used  the  sheets  are  so  placed  as  to  make  the 
stiffening  ribs  run  at  right  angles  to  the  studs. 

All  openings  for  doors,  transoms,  windows,  etc.,  are  framed 
with  1-inch  by  1-inch  by  A-inch  angles  or  by  means  of  |-inch 
channels.  The  vertical  members  at  door  openint^s  are  made  to 
extend  the  full  height  from  floor  to  ceiling.  Such  members 
around  openings  are  punched  at  intervals  with  holes  to  permit 
the  fastening  of  the  wood  frames,  etc. 

Wood  furrings,  J-inch  thick,  are  placed  between  the  studs  to 
receive  the  base  boards,  chair  rail  and  picture  moulding.  These 
furrings  are  usually  placed  by  the  carpenter,  and  arc  held  by 
staples  going  around  the  studs  or  around  the  }-inch  rods. 

The  partition  is  then  plastered  with  some  hard  plaster  or  with 
gauged  mortar.  This  is  applied  in  five  coats,  giving  a  total 
thickness  to  the  partition  of  2  inches.  The  weight  including 
plaster  is  20  pounds  per  square  foot. 

Another  form  of  solid  partition  used  by  the  same  company 
is  made  of  a  combination  of  cinder  concrete  and  plaster  on  an 
iron  framework,  as  shown  in  Fig.  101.  The  studs  are  made  of 
2-inch  by  i-inch  flats,  spaced  18  inches  centers,  extending  from 
concrete  floor  plate  to  ceihng.  They  are  fastened  by  bending 
the  ends  of  the  flats  to  form  small  knees,  which  are  spiked  to 
the  floor  construction.  Openings  are  framed  by  means  of  2-inch 
by  2-inch  by  |-inch  angles,  or  by  channels  of  the  same  size  as 
the   studs,   punched   to  allow   the   securing   of   wood    frames. 
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Upright  angles  at  sides  of  doorways  extend  the  full  height  of 
the  partition. 

After  all  of  the  iron  framework  is  in  position,  with  the  necessary 
door  frames,  either  No.  24  gauge  expanded  metal  or  stiffened 
wire  lathing  is  laced  to  both  sides  of  the  studs.  If  the  latter  is 
used,  the  i-inch  stiffening  ribs,  spaced  every  7|  mches  centers. 


Fia.  101.  — 4-iiich  Solid  Plaster  Partition. 


are  run  at  right  angles  to  the  studs.  The  space  between  the 
two  surfaces  of  wire  lathing  is  then  filled  solid  with  a  cinder  con- 
crete composed  of  1  part  Portland  cement  and  8  parts  cinders. 
This  completely  embeds  the  studs  within  a  concrete  slab  about 
2J  inches  thick.  Two  coats  of  plaster,  a  brown  coat  and  a  finish- 
ing coat,  are  then  applied  to  the  outer  surface  of  the  lathing, 
making  a  partition  of  a  total  thickness  of  4  inches.  No  wood 
furring  is  necessary  for  attaching  the  base  board,  chair  rail 
or  picture  moulding,  as  the  cinder  concrete  will  receive  nails. 
The  weight  per  square  foot,  including  plaster,  is  32  pounds. 

For  both  of  these  forms  the  light  channels  or  angles  are  cut 
and  fitted  at  the  building  as  required.  Temporary  bracing  dur- 
ing plastering  is  not  necessary,  although  it  is  sometimes  resorted 
to,  and  even  required  by  architects. 

A  2-inch  solid  plaster  partition  is  also  made  by  the  Expanded 
Metal  Companies  consisting  of  f-inch  or  1-inch  upright  channel 
studs,  to  one  side  of  which  expanded  metal  lath  is  wired.  The 
studs  are  placed  12  inches  centers,  the  ends  being  bent  to  form 
small  knees,  which  are  secured  to  the  floor  and  ceiling  by  means 
of  nails,  screws,  toggle  bolts  or  other  fastenings,  depending  upon 
the  conditions  encountered.  The  sheets  of  metal  lath  are  wired 
at  least  four  times  to  each  stud,  and  also  at  the  laps,  No.  18  soft 
wire  being  used  for  this  purpose. 

For  a  temporary  bracing  during  plastering,  f-inch  horizontal 
channels  are  wired  to  the  studs  on  the  side  opposite  the  lathing, 
one  brace  being  used  in  low  partitions,  and  two  rows  in  partitions 
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over  12  feet  in  height.  The  plaster  is  first  applied  to  the  lath 
side.  After  this  coat  has  set,  or  in  about  a  day's  time,  the  back 
side  of  the  partition  is  plastered  out  to  the  face  of  the  studs. 
The  bracing  is  then  removed  by  cutting  the  wires  and  the  surface 
is  patched  where  the  horizontal  channels  occurred.  Patent  or 
hard  plasters  are  generally  used,  as  common  mortar  requires  too 
long  a  time  for  thorough  drying,  and  is  not  sufficiently  rigid. 

This  partition  weighs  about  15  pounds  per  square  foot. 

For  these  various  forms  of  solid  plaster  partitions  a  cement 
base  board  is  sometimes  moulded  in  position  by  the  plasterer 
while  applying  the  finish  coat.  A  cement  floor-strip  may  also 
be  made,  extending  12  inches»or  18  inches  out  from  the  partition. 

Fire  Tests  of  Metal  Lath  And  Plaster  Partitions.  —  The 
tests  of  the  New  York  Building  Department,  1901,  included  a 
2J-inch  solid  metal  lath  and  plaster  paitition  constructed  by 
the  New  York  Expanded  Metal  Company.  The  construction 
consisted  of  a  framework  of  1-inch  by  i^^-inch  uprights,  placed 
12  inches  centers,  and  expanded  metal  lathing.  King's  Windsor 
cement  mortar  and  an  inside  finish  coat  of  white  putty  plaster 
were  used  to  make  up  the  total  thickness.  The  effects  of  the 
fire  and  water  test  were  as  follows: 

The  browning  coat  on  the  outside  of  the  east  partition  had 
fallen  for  about  two-thirds  the  area  of  the  partition.  The  out- 
side scratch  coat  was  intact.  The  inside  browning  coat  had 
been  washed  away  by  the  water.  On  the  west  partition  a  2  by 
2  foot  square  of  the  outside  browning  coat  and  about  four- 
fifths  of  the  inside  browning  coat  and  one-half  of  the  inside 
scratch  coat  had  been  washed  away.  In  no  place  had  the  fire 
or  water  passed  through  either  partition. 

Both  solid  and  hollow  partitions  of  the  Roebling  type  were 
also  tested.  The  latter,  which  gave  the  better  results,  was  3 
inches  thick,  made  of  2  by  -J-inch  upriglits  with  stiffened  wire 
mesh,  and  i  inch  of  "Rock  Wall"  plaster  on  eacli  side.  The 
effects  of  the  test  included  "the  washing  away  of  about  three- 
fifths  of  the  plaster  from  the  inside  wall.  The  plaster  on  the 
outside  wall  was  intact,  and  in  no  pla(;e  had  the  fire  or  water 
penetrated  the  partition." 

Plaster-block  Partitions.  —  Plaster  l^locks,  made  principally 
of  gypsum  or  plaster  of  Paris,  with  an  admixture  of  w(K)d  fiber, 
reeds  or  other  suitable  material,  are  used  in  partition  construc- 
tion. They  possess  many  coiiiinondablo  (jualitics,  but  some 
great  disadvantag(js. 
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They  are  extremely  light  in  weight,  easy  to  handle  and  rapid 
of  erection,  besides  being  superior  in  the  non-conductivity  of 
both  heat  and  sound.  They  can  also  be  readily  cut  and  sawed, 
while  grounds  or  trim  may  be  toe-nailed  directly  to  the  blocks. 
They  are,  too,  slightly  cheaper  than  other  forms  of  block  partitions. 

Plaster  blocks,  besides  their  poor  resistance  to  hose  streams 
which  is  considered  in  a  later  paragraph,  possess  several  dis- 
advantages in  actual  use.  First,  the  very  fact  that  the  material 
will  receive  nails  for  the  attachment  of  trim  often  means  the 
pulling  away  of  such  trim  when  placed  by  careless  workmen, 
owing  to  the  fact  that  nails  are  frequently  driven  into  the  voids 
in  the  blocks,  thus  giving  no  holdi  Second,  practical  builders 
find  that  the  highly  absorbent  qualities  of  the  blocks  lead  to  the 
absorption  of  the  water  in  the  plastering,  and  this  moisture  works 
down  the  partition  in  a  cumulative  measure,  and  often  collects  in 
sufficient  quantity  at  the  floor  line  to  warp  and  ruin  wood  base,  etc. 

Plaster  blocks  are  usually  made  with  cylindrical  core  holes 
which  should  be  placed  horizontally  in  the  setting.  The  vertical 
joints  should  be  broken.  Mortar  should  consist  of  1  part  g3rpsum 
plaster  mortar  to  3  parts  sand,  joints  to  be  not  over  one-half 
inch.  In  topping  out  or  setting  the  top  course  of  blocks,  story 
heights  are  usually  such  as  to  require  a  special  height  filler 
course  at  the  top,  in  which  case  the  blocks  may  be  cut  to  fit,  but 
placed  with  the  icore  holes  vertical.  The  top  joint  should  be 
well  filled  with  mortar,  but  not  wedged.  Either  metal  "bucks" 
or  frames  should  be  used  at  openings,  or  else  the  blocks  should 
be  arched  over  the  heads. 

"PjTobar"  Blocks,  made  by  the  United  States  Gypsum 
Company,  are  made  of  95  per  cent,  gypsum  and  5  per  cent,  wood 
fiber  in  the  form  of  excelsior.  The  ordinary  sizes  of  the  blocks 
with  their  weights  per  square  foot  and  limiting  heights  for  sub- 
stantial partitions  are  as  follows: 


Size. 

Weights  per 

square  foot, 

in  lbs. 

Height  of 

partition  not 

to  exceed 

in  feet. 

2X12X30  ins.,  hollow  (furring) 

51 

8 

9 
11 
17 
23 
35 

2X12X30  ins.,  solid. 

10 

3X12X30  ins.,  hollow 

13 

4X12X30  ins.,  hollow 

17 

6X12X24  ins.,  hollow 

28 

8X12X15  ins.,  hollow 

40 

12X12X12  ins.,  hollow 

40 
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'■ftibout  8  pi Mj ruin  per  square  foot  should  be  added  to  the  above 
weights  for  pl:i>T  1  on  two  sides  of  partition.  Where  the  unsup- 
port^  length  uf  j partition  exceeds  30  feet,  the  thickness  should 
be  increased  one  iach  for  any  of  the  permissible  heights  given 
above  for  hlocka  under  6  inches  thick. 

When  set  on  incombustible  foundation,  laid  with  broken 
joints  in  properly  retarded  gypsum  plaster,  and  coated  on  each 
side  with  wof>fi  filtered  ^rpsum  plaster  at  least  i  inch  in  thick- 
ness, hollow  'P}Tobar'  Partition  Blocks  are  approved  for  use  in 
noB-bearing  corriiJor  and  room  partitions  not  exceeding  13, 17 
and  22  feet  in  height  for  the  3-,  4-  and  5-inch  blocks  respectively, 
in  fireproof  offiee  buildings  and  buildings  of  this  class,  but  not 
for  bciring  walls  or  partitions,  nor  for  enclosures  to  stairways 
and  elevators  or  important  vertical  openings  through  buildings.* 

*"Pyrobar''  Minks  will  cost  about  8i  to  9  cents  per  square 
foot  for  S-inch  hnlli)w  partitions,  set,  ready  for  plaster;  and  about 
10  cents  per  square  foot  for  4-inch  partitions. 

♦'Keyitone"  Plaster  Blocks,  as  made  by  the  Keystone  Fire- 
proofing  Company  of  Philadelphia  and  New  York,  are  composed 
of  calcined  gypeum  and  a  small  proportion  of  wood  fiber.  The 
standard  sizes  of  partition  blocks  and  weights  of  same  per  square 
foot,  uuplasteredj  are  as  follows: 

2X15X24   ins.,  solid  9  pounds 

3X15X24    ins.,  cored  9       " 

4X15X24    ins.,       "  10§     " 

SX 12X18    ins.,       "  13      " 

6Xl5Xl9iins.,       "  14      '' 

8X12X18   ins.,       "  18      " 

Permissible  partition  heights  may  be  taken  the  same  as  pre- 
viously given  for  *'Pyrobar"  blocks. 

Plaster  of  Paris  and  Cinder  Blocks.  —  Various  mixtures  of 
plaster  of  Paris  and  cinders  have  been  used  in  the  manufacture 
of  so-called  fireproof  blocks  for  floor  arches,  partitions,  etc. 
Thus  lime-of-Tiel  blocks,  described  in  Chapter  VII,  page  257, 
were  composed  of  plaster  of  Paris,  cinders,  and  a  small  proportion 
of  Tiel  lime.  Later  mixtures  have  included  plaster  of  Paris  and 
cinders  only,  usually  in  the  proportion  of  2  parts  to  3  parts. 
Such  blocks  are  termed  '^ash"  or  "cinder"  blocks,  but  no  in- 
creased fire-resisting  efficiency  has  resulted  from  this  admixture 
of  materials.  The  most  that  can  be  said  of  such  blocks  is  that, 
*  Underwriter's  Laboratories,  Inc. 
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while  they  are  no  better  from  a  fire-resisfcing  standpoint,  they 
are  usually  cheaper  than  those  made  of  pure  gypsima. 

The  New  York  Building  Department  tests  included  two 
cinder-block  constructions  —  the  '^Bell,"  and  the  metal-braced 
"Sanitary"  type  —  but  neither  have  had  any  extended  use. 

Interlocked  Plaster-block  Partitions.  —  An  interesting 
attempt  to  secure  increased  lateral  stability  in  plaster  or  cinder- 
block  partition  construction  is  illustrated  in  the  "interlocking" 
fireproof  partition  block  patented  by  the  Conroy  Brothers.  These 
were  made  12  inches  high,  24  inches  long  and  3  inches  thick,  of 


Horizontal  Section 
Fig.  102.  —  Conroy  Interlocking  Plaster  Blocks. 


plaster  of  Paris  and  cinders.  The  use  of  tongued  and  grooved 
edges  and  cenient  mortar  joints  was  intended  to  provide  added 
rigidity  in  the  construction.  The  blocks  had  a  series  of  central 
air-spaces,  and  two  outer  sets  of  combined  air-spaces  and  per- 
forations which  acted  as  lath  or  key  for  the  plaster  finish,  as 
shown  in  Fig.  102.  The  test  of  this  construction  is  described 
in  the  following  paragraph. 

Fire  Tests  of  Plaster-block  Partitions.  —  Several  tests  of 
plaster-block  partitions  have  been  made  by  the  British  Fire 
Prevention  Committee  (see  "Red  Books"  Nos.  37,  52,  74  and 
86),  but  these  were  of  compositions  or  constructions  peculiar 
to  English  practice. 

The  tests  made  by  the  New  York  Bureau  of  Buildings  in  1901 
(before  referred  to),  supplemented  by  additional  tests  in  later 
years,  constitute  by  far  the  most  exhaustive  experimental  fire 
and  water  tests  which  have  been  made  of  plaster-block,  or  indeed 
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of  any  other  ordinary  type  of  partition  construction.  Of  six 
plaster-block  constructions  tested  in  1901,  four  were  composed  of 
wood  fiber,  and  two  of  cinders,  mixed  with  plaster  of  Paris. 
Three  types  contained  metal  reinforcement  of  some  kind,  three 
did  not.  Several  of  the  constructions  were  tested  for  both  hol- 
low and  solid  blocks.  The  results  show  that,  in  general,  there 
is  little  choice  between  the  several  compositions  or  construe; t ions. 
In  no  case  did  either  fire  or  water  pass  through  the  partition, 
but  in  nearly  all  instances  the  blocks  were  calcined  to  an  average 
depth  of  perhaps  three-fourths  of  an  inch,  and  the  material, 
with  the  plastering,  was  washed  away  by  the  hose  streams.  If 
anything,  the  hollow  block  partitions  suffered  the  most. 

An  exceptionally  good  showing  was  made  by  the  patented 
partition  constructed  by  Conroy  Brothers.  '  These  tongued  and 
grooved  plaster  and  cinder  blocks  have  been  described  under 
the  previous  heading.  The  report  of  the  test,*  which  wus  made 
in  cooperation  with  the  New  York  Bureau  of  Buildings,  contamed 
the  following: 

Th§  application  of  water  knocked  off  the  inside  plaster  on 
the  north  wall  from  three  small  patches,  alx)ut  3  scjuarc  feet  in 
all,  and  a  similar  patch  about  2  feet  wide  by  8  fe(;t  long  wius 
washed  off  from  the  south  wall.  Numerous  'cracks  existed  in 
the  balance  of  the  pla.ster,  and  a  portion  of  it  was  loose.  1'lie 
blocks  exposed  by  falling  off  of  plaster  were  apparently  unin- 
jured. With  the  exception  of  the  defcjcts  alretwly  noted,  l)oth 
partitions  were  in  excellent  condition.  They  were  firm,  .solid 
and  apparently  capable  of  withstanding  anotlier  te.st. 

A  test  of  "Keystone"  gypsum-block  partitions  was  made  by 
Professor  Woolson,  in  conjunction  with  the  Xcjw  York  Bureau 
of  Buildings,  in  1906.  Two  standard-test  partitions  —  one  of 
2-inch  soUd  blocks,  the  other  of  I^-inch  cellular  blocks  —  were 
subjected  to  the  usual  test  conditions.  The  results  were  as 
follows: 

After  forty  minutes*  firing,  an  L-shaperl  erack  apfx*arfd  in 
the  plaster  on  the  2-inch  partition,  near  the  middle  and  about 
2  feet  6  inches  above  the  grate.  Kach  leg  of  the  trrark  was 
about  2  feet  long.  Liiter,  ahx)ut  a  f(K>t  of  i>l aster  pwjleii  <,f( 
between  thesf;  crack*?,  but  so  far  as  could  Ix;  c>l)servefl,  this  was 
the  only  defect  whir-h  appr*arefl  up  to  the  time  tlie  water  was 
applied.  The  applifaf ion  of  water  knocked  off  all  the  plaster 
from  bfjth  partition.-*  and  washed  away  practif-ally  all   the   in- 

♦  .See  Columbia  rniven-ity  Fire  Test  .Series  So.  1.'4.  by  Prof.  Ira  H. 
WooIka.  Ocwber,  1»04. 


398         FIRE   PREVENTION   AND  FIRE  PROTECTION 

side  web  of  the  3-inch  hollow  block  partition.  On  the  2-inch 
solid  block  partition,  most  of  the  surface  of  the  blocks  was 
washed  away  to  a  depth  varying  from  J  inch  to  1  inch.  The 
blocks  all  remained  in  place,  however,  and  the  partitions  were 
plumb  and  firm.  Viewed  from  the  outside,  the  walls  appeared 
as  perfect  as  they  were  before  the  test.  Not  a  crack  was  visible 
in  the  outside  plaster  on  either  partition,  and  neither  fire, 
smoke  nor  water  came  through  them  at  any  point. 

Terra-cotta  Tile  Partitions:  Sizes  of  Bioclts.  —  The  blocks 
employed  are  either  square  or  brick  shaped,  according  to  local 
practice  or  the  ideas  of  the  manufacturer.    Square  blocks  are 


5x8x12  6x12x12  4x12x12         4x8x12      3x12x12    2x8il2 

Fia.  103.  — Semi-Porous  Terra-Cotta  Partition  Blocka 


4x8x12         4x12x12         6x8x12  6x12x12       2x  12x  12  2x  8  x  12 

Fig.  104.  —  Porous  Terra-Cotta  Partition  Blocks. 

commonly  made  12  ins.  by  12  ins.  for  the  body  of  the  par- 
tition, with  6-in.  by  12-in.  and  8-in.  by  12-in.  blocks  for  filling 
in  the  end  spaces,  or  the  tops  of  the  partitions.  For  brick- 
shaped  blocks,  a  variety  of  sizes  are  used  by  different  manu- 
facturers, 6-in.  by  12-in.,  and  8-in.  by  12-in.  constituting  the 
more  ordinary  face  dimensions.  Typical  partition  blocks  are 
shown  in  Figs.  103  and  104. 

Thickness  of  Blocks.  —  Partition  blocks  are  made  in  thick- 
nesses varying  from  2  inches  to  12  inches,  the  3-inch,  4-inch  and 
6-inch  blocks  being  the  most  common.  A  4-inch  partition  is  the 
most  popular  thickness  for  ordinary  work.  With  plaster  on  both 
sides,  this  will  finish  about  5  J  inches  total  thickness.  For  office 
buildings^  common  practice  has  been  to  use  4-inch  partitions 


for  the  maiD  corridors  and  stairway  and  elevator  enelosiires,  etc.j 
and  3-incb  partitions  between  rooms.  Two-inch  tile  parti- 
tions should  never  be  used  unless  braced  (see  later  heading 
**  Metal-braced  Block  Partitiona"}^  and  even  then,  only  in  short 
lengths  and  heights,  and  in  unimportant  locations.  Even  B-mch 
tile  partitions  are  not  to  he  recommended  for  depeniiable  effi- 
ciency. Experience  gained  in  the  Baltimore  and  San  Francisco 
fires  points  t^:*  the  neee^ssity  for  more  mass  and  greater  stability 
in  terra^cotta  partitions  of  ordinary  lengthe  and  heights,  and 
4-inch  blocks  should  be  the  minimum  thickness  in  buildings 
subject  to  cither  severe  exposure  or  considerable  interior  hazard. 
For  severe  conditions,  ti-inch  Ldocks  are  preferable. 

Stock  Sl^es*  —  The  following  sizes  of  partition  blocks  are 
usually  carried  in  struck  by  the  National  Fire  Proofing  Company : 


2  inches  thick. 

3  imbuas  thick* 

4  inclieB  thick. 

S  Inches  thick. 

6  inches 
thick. 

Ins. 

6X12 

8X12 

12X12 

6X12 

8X12 

12X12 

Ins. 

6X12 

8X12 

12X12 

8X12 
12X12 

Io8. 

8X12 
12X12 

These  sixes  may  be  had  in  either  ** semi-porous"  or  *' porous'* 
tile. 

Weights.  — ^  The  weights  per  square  foot  of  tile  partitions, 
without  planter,  will  average  about  as  follows: 

2-in.         3-m.         4-in.       5-in.         6-in. 

Semi-porous  tile,     12  lbs.     15  lbs.     16  lbs,     18  lbs.     24  lbs. 

Poiwus  tile,  14  jbs.     17  lbs.     IS  lbs.     20  lbs.     26  lbs. 

If  plastered  on  both  sides,  add  10  pounds  per  square  foot  to 
■the  above* 

Height  and  Length.  —  The  safe  height  of  a  terra-cotta  par- 
tition may  be  approximated  by  multiplying  the  thickness  in 
inches  by  40.  This  will  give  the  safe  height  in  inches.  Com- 
mon practice  allows: 

3-inch  partttions,  a  safe  height  of  12  feet. 
4-Lni"h  partitions,  a  sjife  height  of  IG  feet. 
t5-inch  partitions,  a  safe  height  of  20  feet. 

The  previously  stated  rule  wiU  give  less  heights  than  this  for 
the  3-inch  and  4-inch  partitions,  and  is  to  be  preferred  for  best 
workmanship. 
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For  partitions  without  any  side  supports,  the  length  should 
not  materially  exceed  the  safe  height.  Doors  and  high  windows 
may  be  considered  as  side  supports,  provided  the  studs  run  from 
floor  to  ceiling. 

Method  of  Setting  Tile  Partitions.  —  It  should  be  an  in- 
variable rule  to  place  all  partitions  directly  upon  floor  beams  or 
girders,  or  upon  the  fire-resisting  floor  arch.  They  should  not 
be  placed  upon  wood  screeds  nor  upon  ciader  concrete  filling. 
Careful  adherence  to  this  practice  will  prevent  many  failures 
which  might  otherwise  occur  under  fire  test. 

At  least  a  portion  of  the  partition  should  be  built  of  full  porous 
blocks,  in  order  to  provide  for  the  nailing  on  of  wood  trim.  In 
ordinary  work,  where  semi-porous  tile  are  generally  used,  about 
15  per  cent,  of  the  tile  should  be  made  full  porous  for  this  pur- 
pose. The  lowest  course  of  tile  should  be  made  either  entirely 
of  porous  blocks,  or  of  porous  alternating  with  the  semi-porous 
blocks,  and  additional  courses  or  portions  of  courses  of  the 
porous  make  should  also  be  introduced  for  the  receipt  of  chair 
rail  or  picture  moulding.  Full  porous  blocks  are  sUghtly  more 
expensive  than  semi-porous,  as  they  weigh  more  per  square  foot, 
and  have  heavier  faces  and  webs;  but  they  make  a  better  par- 
tition, and  are  decidedly  more  dependable  under  fire  test. 

Tile  partition  blocks  should  always  be  set  on  end,  bond- 
broken  at  all  vertical  joints.  At  the  ceiling,  "closures"  of  the 
required  size  are  inserted,  often  on  their  sides,  but  driven  as 
tightly  as  possible,  and  then  made  secure  by  wedging  with  slate. 
This  wedging  is  very  essential  to  make  the  partition  rigid  and 
secure  against  side  pressure.  Some  manufacturers  claim  that 
it  is  best  to  start  setting  the  partitions  in  the  lower  stories  first, 
as  the  partition  weights  added  to  the  successive  stories  above 
will  then  cause  additional  deflections  to  the  beams,  and  bring 
added  pressure  to  the  tops  of  the  partitions  below.  Others  insist 
that  the  partitions  should  be  started  at  the  top  first,  thus  avoid- 
ing the  increments  due  to  the  deflections  story  by  story.  If  the 
partitions  are  well  wedged  with  slate  at  each  story,  as  should  be 
done  in  all  cases,  the  best  results  will  probably  obtain  by  working 
down  from  the  upper  floors.  Otherwise,  sufficient  deflection  may 
be  obtained  in  the  lower  stories  to  partially  crush  or  buckle  the 
partitions. 

If  wood  studs  are  used  for  door  or  window  openings,  they 
should  run  the  full  length  from  floor  to  ceiling.     They  should 
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be  as  thick  aa  iho  partition  blocks  and  well  Htr!iightenf»d,  so  that 
grounds  may  be  appUed  to  rectuvc  the  phisterins,  or  they  may 
be  mmle  1  ^  inches  wid^r  than  the  blockii,  so  as  to  act  aa  grounda 
also*  Wherft  wood  studs  extend  through  the  partition,  as,  for 
instance,  below  high  window  areas,  they  shotdd  lie  fjLstened  to 
the  adjacent  tile  l>locks,  :ind  then  iatlieii  acmss  the  face  with 
metal  lath  of  some  roanubirture  which  will  form  a  key  for  the 
mortar  or  plaster  betwe<*n  tho  lath  and  Kttid.  Tins  will  allow 
the  stud  to  alirink  withotit  eracking  the  phuHter. 

Wooden  frame?*  shordd  never  Ije  relied  uprni  to  sustain  the 
partition  blockfs  over  doors  or  other  openings.  If  the  use  of 
wotjd  frames  is  insisted  upon,  however,  the  partition  material 
ehould  be  mfule  to  form  &  flat  arch  over  the  openings. 

Pajtitions  eoutaining  wotxi  studs  or  frames,  or  even  wood  trim 
to  any  appreciable  amount,  cannot  be  classed  as  fire-resisting. 
Metal  ''bncks"  or  frames,  or  incombustible  trim,  are  essential 
for  maximum  efficiency,  jis  hi  pointed  out  in  later  paragraphs. 
One  of  the  smiplest  and  bcj^t  ways  to  secure  terra-eotta  par- 
titioiiB  where  they  abut  against  brick  walls  is  to  dri\'e  large 
cut-nails  into  the  raortar  joints  of  the  masonry  at  the  top  of 
each  course  of  blocks,  before  setting  the  next  course.  The 
heada  of  the  nails  will  then  come  between  the  terra-cotta  blocks, 
and  by  tapping  them  down  with  a  hammer  at  the  succassive 
courses,  great  additional  stiffness  may  be  obtained. 

Most  makes  of  partition  tile  are  now  grooved  or  "scored'^  to 
provide  a  key  for  the  plastering.  All  blocks,  whether  porous 
or  hard-buni(H.l,  should  be  wt  11  wet  before  setting,  and  again  wet 
before  the  plastering  is  applied.  Otherwise  the  absorption  will 
Bap  the  mortar  before  the  cement  receive*^  its  proper  set.  The 
moat  satisfactory  mortar  for  setting  partitions  is  made  of  1  part 
lime  putty,  2  parts  cement  and  2  to  3  parts  sand- 
Fire  Tests  of  Tile  Partitions,  —  In  addition  to  the  general 
infonnation  given  in  previous  paragraphs  concerning  the  records 
of  partition  constructions  in  various  fires  and  conflagrations,  and 
concerning  tests  which  have  been  made,  the  following  somewhat 
detailed  de^jcriptions  of  fire  and  water  tests  on  tile  partitions  will 
be  found  instructive  in  considering  failure  vh.  efficiency. 

The  partition  built  liy  Henry  Maurer  ^  Son,  and  tested  by  the 
New  York  Bureau  of  Builflings,  September  30,  1901,  consisted  of 
8  by  12  by  3-inch  aemi-porous  blocks  with  two  cells  in  each  block. 
The  partition  was  14  feet  6  inches  long  and  9  feet  6  inches  hi^. 


4 


402 


FIRB   PKBVENTION   AND  FTHE   PROTECTION 


1 


I 


The  blocks  were  laid  to  hmak  vertical  joints,  the  mortar  bein 
one  part  cement  to  three  parts  sand.  Each  aide  was  pla 
i  inch  thick.  After  the  usiml  test  of  one  hour,  reaching  a  maxi- 
mum temperature  of  1832"*  F.,  a  ho^  stream  was  applied  for 
2i  minutes.  "The  only  effi^ot  of  the  fire  and  water  had  been 
to  remove  the  plaster  from  a  portion  of  the  inside  of  the  parti- 
tion.    Wherever  the  phister  remained  the  liond  wivs  intact." 

"Red  Book"  No.  99  of  the  Briti^ih  Fire  Pr^-vention  Committer 
describes  a  similar  teat  made  Augu>!t  16,  1905,  on  a  partition  of 
2i-inch  porous  tile  blocks,  submitted  by  the  National  Fire 
Proofing  Company.  The  plastering  wiis  destroy e<l,  the  face  of 
one  tile  on  the  fire  side  split  off,  and  a  2J-inch  bulge  occurred 
towards  the  fire.  "Neither  fire,  nmoke  nor  water,  passed 
through  the  partition  itself,  which  remained  In  position  at  the 
conelusion  of  the  test."  The  introductory  note  gives  the  follow- 
ing sununary: 

This  test  indicates  that  it  is  possible  to  provide  parti 
tions  2|  inches  thick  (2J-ineh  slabs  and  |-inch  plastering); 
having  a  length  of  10  feet  and  a  height  of  8  fe<?t  10  inches,  that 
will  prevent  the  passage  of  flame  and  smoke  from  a  fire  burning 
for  two  and  a  half  hours  on  the  plastered  side  of  the  partition, 
raising  the  temperature  to  19S0°  F.,  and  tlien  prevent  the 
passage  of  w^ater  from  a  steam  fire  engine  jet. 

It  is  interesting  to  compare  these  two  tests  with  the  following. 
The  United  States  Geological  Survey  Tests/  mivde  at  the  Under- 
writers' Laboratories,  Inc.,  Chicago,  included  two  panels  of  par- 
tition tile^  the  blocks  being  12  by  12  by  5  inches,  {-inch  thick 
material^  and  with  tluee  core  holes  each.  They  were  obtained 
from  a  Chiciigo  building  in  course  of  construction.  The  test 
panels  were  6  feet  wide  by  9  feet  high^  and  wert;  subjected  to  a 
temperature  of  about  1750°  F.  for  two  hourSf  after  which  they 
w^ere  quenched  Tvith  water.  In  both  cases,  the  backs  of  the  tiles 
(away  from  the  fire)  were  apparently  as  sound  as  before  the 
teat.  In  one  case  these  backs  were  slightly  cracked,  in  the  other 
not  at  alL  The  expOvSed  facets  fared  much  worse.  In  one  panel 
55  per  cent.,  in  the  other  75  per  cent.,  of  the  faces  were  either 
broken  off  or  could  readily  be  removed,  while  all  of  the  facea 
could  eaiiily  be  crumbled  by  hand. 

It  seems  difficult  to  reconcile  these  results  with  the  British 
Fire  Prevention  Committee  test  before  given,  especially  as  botli_ 

*  See  United  States  GeoLogical  Survey  Bulletin  Na.  370, 
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the  area  lefited,  the  iemperatun:',  and  tho  duration  wore  greater 
in  the  English  te^t*  The  explanation  is  undoubtedly  to  be  found 
in  the*  qualities  and  thif^kntt^sen  of  the  materials.  The  official 
dei^cription  of  the  C^hiea^o  U^is  does  not  ntakr  definitely  as  to  the 
quality  of  tih^  iwed,  -  whether  pomui^j  Hrmi-poroUH,  or  hard- 
bumed  —  simply  that  it  was  purehased  in  Chieago  froni  a 
building  bein^  ereeted.  From  the  results  of  the  tests,  so  similar 
to  previous  experiences  with  hard  tile,  there  would  appejir  to 
be  little  question  that  the  bloeks  were  of  that  materiah  or  at 
least  of  very  poor  quiiHty  of  semi-p{>roua.  Again,  in  the 
English  test  the  blocks  were  !2  by  12  by  2|  inches  in  size,  with 
3  cores  each  3  inehes  by  |  incrh  pjassing  vertically  through  each 
block.  Thus  the  faces  were  }J  ineh  thiek^  w*ith  a  web  only 
i  inch  long  every  4  inches.  In  the  Chicago  te^s  the  faces  were 
I  inch  thick,  held  by  §-inch  webs,  3  J  inches  long,  every  4  inches. 

Reasons  for  Failures  of  Tile  Partitions.  —  A  comparison 
between  the  actions  of  tile  partitions  in  actual  fires  and  under 
experimental  tests^  will  show  that  the  causes  of  failures  under 
the  former  conditionf^  have  been  due  to  the  manner  in  which 
the  material  was  use^^l,  rather  than  to  the  fire-rt^sisting  qualitien 
of  the  material  itself,  Tetjl  conditions  and  actual  conditions?  are 
very  different. 

Tei^t  conditions  usually  involve  partitjona  of  less  length,  if 
not  of  less  height,  than  are  required  in  actual  practice,  andj  in 
addition,  such  partitions  are  always  constructed  by  the  manu- 
facturer with  the  utmost  care,  and  wUhouL  openitigs  of  any  kind. 

Actual  conditions  involve  practical  questions  concerning 
lengths,  heights,  wood  ntxn^j,  wot)d  studs,  doors,  windows,  trim, 
etc.,  besides  the  indifference  of  ignorant  or  careless  workmen. 
To  secure  thoroughly  trustworthy  partitions  under  severe  fire 
test,  these  practit^al  weaknesses  must  he  overcome, 

Ajb  to  lengths  and  heights,  too  little  consideration  hiw  been 
given  to  the  Mabilili/  of  tile  block  partitions.  Thinner  bloc^ka 
than  eallwl  for  in  the  preceding  rulas  for  heights  or  lengths 
eliould  not  be  useti  unless  some  approved  form  of  braced  parti- 
tion is  employefl,  or  unless  st^?el  door  bucks  or  approved  fire- 
resisting  frames  are  introduced  at  openings.  As  a  result  of  the 
general  inefficiency  of  tile  partitions  in  both  the  Baltimore  and 
San  Franc^isco  buildings,  many  hm  protectionists  are  advocating 
deeidetlly  thicker,  and  hence  more  stable,  partitions  than  have 
been  customary  in  the  past. 
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The  main  practical  difficulties  met  with  in  constructing  tile 
partitions  are  caused  more  by  the  carpenter's  work  than  by  the 
fireproofer's  work.  Thus  for  the  support  of  the  partitions  upon 
the  floor  construction,  it  has  been  said  that  partitions  should 
always  run  down  to  the  masonry  construction,  and  not  rest  upon 
the  wooden  flooring.  But  the  carpenter  will  soon  raise  decided 
objections,  and  use  all  arguments  to  avoid  this.  For.  if  planks 
fastened  directly  to  the  top  flanges  of  the  beams  are  to  be  used 
as  an  underflooring,  the  carpenter  much  prefers  to  lay  a  con- 
tinuous floor,  and  have  the  partitions  built  upon  this  planking. 
His  reasons  are: 

First,  that  it  is  much  cheaper  for  him,  as  this  requires  less 
labor  in  cutting  and  fitting,  though  somewhat  more  stock. 

Second,  as  many  of  the  partitions,  if  run  down  to  the 
masonry,  would  be  placed  directly  upon  the  beams  or  girders,  the 
carpenter  would  have  no  fastening  for  the  planking  coming 
against  such  partitions,  but  the  next  beam,  possibly  4,  5  or  6  feet 
away,  would  have  to  be  used,  thas  leaving  the  planks  loose  at 
the  ends. 

If  an  underflooring  of  J-inch  rough  boarding  is  used,  fastened 
to  screeds  buried  in  the  concrete  filling,  the  running  down  of 
the  partitions  to  the  concrete  requires  the  carpenter  to  place 
screeds  at  each  side  of  the  partitions,  and  this  is  objected  to  on 
account  of  the  expense. 

If  hard-burned  terra-cotta  only  is  used  in  the  partitions,  a 
wooden  ground  is  needed  for  the  attachment  of  the  base  or 
wainscot.  The  carpenter  usually  prefers  to  lay  a  solid  nailing 
strip  the  full  width  of  the  partition,  and  have  the  partition  built 
upon  this. 

The  inconsistency  of  introducing  wood  studding  or  frames, 
doors,  windows,  etc.,  into  fire-resisting  partitions,  has  previously 
been  discussed,  and  yet  this  self-evident  weakness  from  a  fire- 
protection  standpoint  has  been  responsible  for  more  failures  and 
greater  damage  to  tile  partitions  than  all  other  causes  combined. 
Quantities  of  partitions  are  still  being  erected  in  this  manner,  in 
spite  of  the  lessons  taught  in  the  Baltimore  and  San  Francisco 
fires;  and  in  the  Continental  Trust  Company's  Building,  Balti- 
more, where  more  partition  damage  was  due  to  this  cause  than 
to  all  other  causes  combined,  the  same  construction  has  again 
been  repeated  in  the  restoration  gf  the  structure.  The  corridor 
partitions  have  again  been  made  of  3-inch  or  4-inch  tile  blocks, 
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up  to  a  height  of  7  feet,  above  which  the  same  old  practice  of 
wood  and  glass  sash  has  been  repeated. 

Such  errors  should  be  avoided  through  the  use  of  some  ap- 
proved type  of  fire-resisting  doors  and  door  frames  (examples 
of  which  will  be  mentioned  later),  and  through  the  use  of  either 
cast-iron,  metal-covered,  or  composition  window  frames  and 
sash  in  combination  with  wire  glass. 

Many  other  failures  of  tile  partitions  have  resulted  from  con- 
structive defects,  such  as  partitions  left  free  at  the  top  without 
proper  wedging,  lack  of  support  at  ends,  or  from  attempting  to 
provide  end  support  by  combining  the  partition  construction 
with  the  column  protection,  as  shown  on  the  left-hand  side  of 
Fig.  107. 

Metal-braced  Block  Partitions.  —  A  number  of  partition 
constructions  have  been  invented  and  used  to  a  limited  extent, 
consisting  of  either  plaster  or  terra-cotta  blocks  in  combination 
with  some  form  of  metal  bracing,  the  effort  being  to  secure  either 

1.  Additional  lateral  strength  for  ordinary  partition  thick- 
nesses, in  order  to  provide  against  the  abnormal  conditions  in- 
cident to  the  pressure  of  hose  streams  or  the  shock  of  falling 
debris  during  fire,  or 

2.  The  use  of  thinner  partitions  than  could  otherwise  be  used, 
thus  economizing  in  material,  weight,  and  floor  space. 

Several  plaster-block  partitions  of  this  character  were  included 
in  the  tests  made  by  the  New  York  Building  Bureau. 

The  construction  used  by  the  Metropolitan  Fireproofing  Com- 
pany consisted  of  a  combination  of  solid  partition  blocks  and 
metal  clips.  The  blocks  were  made  2  inches  thick,  of  a  mixture 
of  plaster  of  Paris  and  shavings.  The  top  and  bottom  edges  of 
the  blocks  were  rabbeted  on  each  side  so  as  to  reduce  the  thick- 
ness of  the  blocks  to  about  IJ  inches,  and  on  to  these  rabbets  or 
grooves  were  slipped  H-shaped  iron  clips,  at  the  tops  and  bottoms 
of  all  vertical  joints. 

Two  partitions  were  tested,  one  being  as  described  above, 
the  other  made  of  12  by  12  by  IJ-inch  blocks  connected  by  a 
different  clip.  The  latter  partition  ''deflected  about  4  inches 
under  the  heat,  and  a  considerable  area  was  knocked  out  by  the 
hose  stream.  The  other  partition  withstood  the  test.  The 
plaster  had  been  destroyed  and  the  blocks  had  calcined  to  a 
depth  of  about  i  inch;  the  metal  clips  were  effective." 

The  "Norman"  partition  consisted  of  blocks  36  inches  by 
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12  inches  by  2  inches  thick,  made  of  2  part^  plaster  of  Paris, 
1  part  wood  fiber,  and  a  small  quantity  of  coeoanut  fiber  for 
strength.  In  alternating  horiKontal  joints  were  placed  ft4nch 
round  rods  with  turnbuekl{?fl,  while  in  the  vertical  joints,  made 
eontinnous  from  floor  to  ceiling,  were  placed  IJ-inch  by  J-inch 
bar- iron  stifTeners,  In  one  partition  the  blocks  were  laid  hori- 
zontally, in  the  other  vertically.  The  fire  and  water  test  catised 
the  df^truction  and  wtvshing  away  of  the  material  to  depths 
averaging;  about  J  inch,  ''In  no  place  had  the  fire  or  water, 
piissed  through  the  partition,  and  the  portions  of  the  btocls 
not  watdied  away  were  in  good  condition/' 


FiQ.  105.^"  PhoBiiix  "  Bmoed  Tile  Partitioa. 

Similar  parti tionn  constructed  by  the  Sanitary  Fireproolmg 
and  Contracting  Company,  consisted  of  2-inch  and  3-inch  plaster 
of  Paris  and  cinder  blocks,  with  concave-grooved  edges.  The 
blocks  were  also  pierced  with  Hmull  holes  to  allow  the  placing  of  a 
metal  rod  dowel  in  each  vertical  joint,  and  two  continuous  metal 
rods  from  floor  to  ceiling  in  each  block  lengtli.  In  the  test,  the 
material  was  calcined  and  washed  aw^ay  to  a  ilepth  of  about  J  inch. 

Among  the  11)01  testa  of  the  New^  York  Building  Bureau  were 
two  types  of  metiil- braced  tile.  One  con.st ruction  w^is  known  as 
the  Brinkman  partition.  It  consisted  of  solid  tile  blocks,  one 
test  being  of  2  by  9^  l)y  laj-inch  blocks,  the  other  of  I J  by  10  by 
16a-inch  blocks.  In  both  cases  the  horizontal  joints  were  rein- 
forced by  means  of  speeialstampeti  H-shaped  metal  members  (the 
courses  of  blocks  fitting  into  the  grooves),  whi(^h  were  in  turn 
supported  l>y  metal  uprights  placed  7  feet  <j  inches  apart*  The 
horizontal  reinforcing  It's  were  protect^nl  by  the  finished  plaster- 
ing. After  the  fire  and  water  teat  **it  was  founrl  that  most  of 
the  plaster  coat  had  come  off  of  both  partitions,  but  that  the 
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metal  work^  except  for  a  .slight  rleflection  in  places,  was  intact, 
and  that  the  blocks  had  HulTered  nci  injury  from  the  fire  and  wat-cr. 
In  no  phice  had  Uie  fire  piwsed  Ihmugh  tlie  pariitkui," 

The  other  type  in  known  as  the  ''Phoonix''  partition,  jnanu- 
facturod  l>y  Ileiny  Maurer  &  Son.  This  consists  of  pfjroua 
terra-cotta  blocks,  12  by  9  by  2  inches^  hiid  so  ;is  to  Ijreak  vertical 
joints.  The  long  e<lge8  of  the  l>locks  are  slightly  grfKJved  in 
order  that  the  hcjriisoatal  joints  may  l>e  reinforced  by  means  o[ 
band  iron  |  inch  wide,  which  is  embedded  in  the  mortar  joint 
(see  Fig.  105).  The  only  effect  of  the  fire  and  water  test  was 
to  calcine  and  wash  away  some  of  tlie  phistering. 

A  similar  construction  is  minlv  by  the  National  Fire  Proofing 
Company  under  the  nana?  of  the  "'New  York'*  reinforced  par- 
tition, Bevier  patent.  Two-inch  hollow  blocks  are  used,  I'ein- 
forced  in  the  horizontal  joints  with  a  woven- wire  trnss^  similar 
to  that  used  in  the  ^' Xtnv  York"  floor  arch. 

Concrete  Partitions.  —  St)lid  stone-  and  cinder-concrete  par- 
titions have  been  used  to  a  very  limited  extent  in  fire-re^iisting 
buildings,  a  nil  their  U80  is  not  liable  to  be  very  extended,  even  in 
this  age  of  concrete  eoastrnction,  on  account  of  the  disjul vantages 
of  expense,  weight  and  erection.  Whether  made  of  stone 
concrete  or  cinder  concrete,  such  partitions  would  require  rein- 
forcement to  keep  the  thickness  within  rtiasonable  l>ounds,  antl 
also  forms  for  erection  purposes.  These  items  add  considerably 
to  the  expense.  If  made  of  stone  concrete  the  weight  is  con- 
siderable, while  even  if  made  of  the  cheaper  and  lighter  cinder 
concrete,  the  weight  and  trouble  of  erection  are  still  objection- 
able. Even  in  all-concrete  buildings  the  partitions  are  fre- 
quently made  of  some  other  type.  Thus  in  the  sixteen-story 
reinforced-con Crete  Ingalls  Building  in  Cincinnatti,  Mackolite 
partitions  were  employed  for  aU  of  the  minor  divisions. 

A  few  partitions  of  reinforced  concrete  were  foond  in  several 
of  the  firepoof  bnildings  in  San  Francisco,  but  scarcely  in  suf- 
ficient quantilics  to  warrant  comparisons  and  final  conclusions. 
In  every  tVLse  they  developed  good  fire-rasistantie,  and  remained 
in  much  better  condition  after  normal  fires  of  one-half  hour 
to  one  hour  duration  than  either  metal  lath  and  plaster  or  tile. 
The  behavior  of  the  reinfor(  ed-eoncrete  partitions  was  entirely 
eatiafactfiry,  and  it  is  probable  that  partitions  of  this  type  4 
inches  to  6  inches  in  thickness  will  fulfill  nil  ordinary  requirtN 
ments  in  fireproof  buildings.* 

*  Bee  The  *'San  Francitco  Barthgite^  and  Fire"  by  A.  L.  A.  Himtndwdgbt, 
C.  E. 
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A  concrete-block  partition  was  among  those  tested  by  the  New 
York  Building  Bureau.  This  was  known  as  the  Sprickerhoff 
partition.  It  was  made  of  concrete  blocks  27  by  12  by  3  inches 
in  size,  composed  of  1  part  Portland  cement,  1  part  sand  and 

5  parts  steam  ashes.  The  blocks  were  laid  broken  joint,  in 
mortar  made  of  1  part  cement  to  2  parts  sand.  The  top  edges 
of  the  blocks  were  tongued,  and  the  lower  edges  grooved,  thus 
making  all  horizontal  joints  tongue  and  groove  for  added  strength. 
To  give  still  greater  stiffness,  pieces  of  strap  iron  1  inch  wide  by 

6  inches  long  were  placed  in  the  horizontal  joints  at  both  top 
and  bottom  of  every  vertical  joint,  and  to  permit  the  placing  of 
such  straps,  the  top  tongue  on  all  blocks  was  stopped  off  3  inches 
from  ea<5h  end.  "The  effect  of  the  fire  and  water  was  to  strip 
the  plaster  from  the  walls,  but  the  blocks  were  unharmed  and 
the  partitions  remained  as  straight  and  plumb  as  before  the 
test  began."  Hollow  concrete-  or  mortar-blocks  are  sometimes 
used  for  interior  partitions,  but  their  thickness  is  objectionable. 
Fire  tests  of  such  blocks  were  given  in  Chapter  VII. 

Sheathings,  etc.  —  Plaster  hoard,  made  of  gypsum  plaster 
and  wood  fiber,  in  thicknesses  from  i  to  1  inch,  has  been  used  to 
a  considerable  extent  for  furrings,  ceilings  and  j>artitions.  The 
widest  use  of  plaster  board  has  been  the  variety  known  as 
Sacketl  Plaster  Board.  This  material  consists  of  three  layers  of 
gypsum  plaster  and  four  thin  layers  of  wool  felt,  the  outside 
surfaces  being  of  the  felt.  The  board  is  made  in  three  thick- 
nesses, \  inch,  f  inch  and  J  inch,  the  size  of  the  boards  being 
uniformly  32  by  36  inches. 

This  board  was  primarily  designed  as  a  substitute  for  wood 
lath.  It  is  light,  tough,  easily  cut  with  a  saw,  readUy  applied 
to  studding,  etc.,  while  gypsum  plaster  adheres  perfectly  to  the 
board  without  key.  It  is  claimed  that  the  boards  will  not  warp 
or  twist,  and  that  a  minimum  of  plaster  is  required. 

The  i-inch  board  is  generally  used  for  lathing  partitions,  the 
f  inch  for  ceilings,  and  the  \  inch  for  either  purpose  when  par- 
ticularly good  work  is  desired. 

The  "Perfected  Brand,"  f  inch  thick,  when  fastened  in  place 
by  flat  headed  barbed-wire  nails  not  over  6  inches  apart  at  each 
support,  is  thus  classified  by  the  Underwriters^  Laboratories: 

"Tests  and  investigations  show  that  this  board  is  a  suitable 
base  for  fibered  gypsum  plas^ters,  and  when  attached  as  described 
to  walls  and  ceiUngH,  and  plastered,  its  fire-retardant  properties 
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are  somewhat  higher  than  those  of  wooden  lath  and  fibered 
gyjmam  plaster,  or  wooden  lath  and  lime  plaster,  in  buildings  in 
which  wooden  studding,  joists  and  furring  are  used;  but  these 
properties  are  not  sufficiently  higher  to  entitle  the  board  to  a 
materially  better  classification  as  a  fire-retardant." 

Gypsinite  Studding  consists  of  an  incombustible  stud,  to  be 
used  in  p£u*tition  work,  etc.,  instead  of  wood  studs.  It  is  com- 
posed of  gjrpsinite  concrete,  or  gypsum  and  wood  fiber,  reinforced 
by  two  i-inch  by  2-inch  wood  nailing  strips  embedded  therein. 
These  studs  are  3  inches  square,  weighing  3  pounds  per  foot,  and 
are  furnished  in  stock  lengths  of  12  feet.  They  are  placed 
16  inches  centers,  and  are  braced  by  means  of  plate,  sill  and 
cross  bridging  of  the  same  material,  all  joints  being  made  by 
means  of  galvanized  sheet-iron  sockets.  When  covered  with 
Sackett  plaster  boards  and  plastered  each  side  with  gypsum 
plaster  laid  to  f-inch  grounds, 

tests  and  investigations  at  Underwriters'  Laboratories  show  that 
for  heights  not  exceeding  12  feet,  non-bearing  partitions  con- 
structed as  described  possess  somewhat  higher  fire-retardant 
properties  than  partitions  composed  of  wooden  studding  and 
wooden  lath  and  fibered  gypsum  plaster  or  lime  plaster;  but 
these  properties  are  not  sufficiently  higher  to  entitle  this  par- 
tition to  a  classification  for  corridor  and  room  partitions  in 
fireproof  buildings,  or  for  the  enclosure  of  important  vertical 
openings  through  buildings. 

Asbestos  Building  Lumber  has  been  described  in  Chapter  VII, 
page  263. 

Enclosures  of  Vertical  Openings.  —  For  partitions  around 
stair  wells  see  Chapter  XV,  particularly  paragraph  ^'Enclosing 
Partitions,"  page  505.  For  partitions  around  elevator  shafts, 
see  Chapter  XVI,  especially  paragraph  ''Solid  Enclosure  Walls," 
page  541. 

Wire  Glass  Partitions.  —  Sec  ''Metal  and  Wire  Glass  En- 
closures" around  stairs,  Chapter  XV,  page  506,  also  "Metal  and 
Wire  Glass  enclosures"  around  elevator  shafts,  etc..  Chapter 
XVI,  page  542. 

Steel  Bucks.  —  All  openings  in  block  partitions,  whether 
plaster-block,  concrete-block  or  tile,  should  be  provided  with 
steel  "bucks"  or  frames.  These  may  be  made  of  angles,  tees 
or  chaimels,  as  shown  in  Fig.  106,  but  as  both  angles  and  tees 
require  the  cutting  of  the  blocks,  channels  are  the  most  practi- 
cal form.    The  channels  may  be  made  of  the  same  size  as  the 
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thickness  of  the  block,  —  thus  4-inch  channels  for  4-inch  blocks 
—  in  this  case  requiring  a  slight  champf ering  of  the  edges  of  the 


Fia.  106.  — Steel  Door  "  Buck ' 


blocks  SO  as  to  fit  between  the  channel  flanges;  or  the  channels 
may  be  made  one  inch  wider  than  the  blocks.  The  latter 
method  is  shown  in  Fig.  107  which  illustrates  the  column  pro- 
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Fia.  107.  —  Column  Covering  and  Partitions,  U.S.  Post  Office,  San  Francisco. 

tection  and  partition  construction  used  in  the  United  States 
Public  Building  at  San  Francisco.  The  partitions  are  made 
of  6-inch  tile  blocks  with  double  air  cells,  all  door  and  window 
openings  being  framed  with  7-inch  channels. 

The  bucks  should  run  the  full  story  heighty  from  the  top  of 
floor  arch  to  the  under  side  of  arch  above.  They  should  be 
placed  as  soon  as  the  floor  arches  are  in.  Small  angle-iron  knees 
at  the  ends  of  the  uprights  are  drilled  or  clipped  to  the  flanges  of 
floor  beams  or  girders,  but  if  the  bucks  do  not  come  over  or  under 
floor  beams,  they  may  be  supported  by  light  horizontal  angles 
which  are  run  between  the  nearest  beams  —  or  the  end  knees 
may  be  lagged  directly  to  the  fire-resisting  arch.  Headers  or 
lintels  over  all  openings,  and  sill  pieces  under  windows,  should 
be  framed  in  between  the  uprights,  and  wherever  the  uprights 
have  partition  blocks  on  both  sides,  as  over  doors  or  under 
high-up  windows,  the  channel  uprights  should  be  double,  or  back 
to  back,  ao  as  to  support  the  blocks  on  both  sides. 
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FIre-reststtng  Partttton  Trim.  —  In  the  first  paragraph  of 
this  chapter,  "Functions  of  Partitions,"  it  was  stated  that  "at 
least  95  partition  constructions  out  of  100  show  that  the  archi- 
tectural functions  of  partitions  are  utilized,  while  their  fire- 
resisting  functions  are  hardly  considered'*;  and  to  show  that  even 
reputable  fireproofing  companies  have  been  wholly  inconsistent, 
at  least  in  the  past,  regarding  proper  partition  construction,  the 
author  offers  Figs.  108  and  109  which  are  reproduced  direct 
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Figs.  108  and  109.  —  Wood  Frames  and  Trim  in  Partition  Construction. 


from  illustrations  in  one  of  the  older  catalogs  of  a  prominent 
terra-cot ta  fireproofing  company.  These  were  presented  in  the 
catalog  as  typical  details  of  wood  frames  and  trim  around  doors 
and  windows  in  partitions.  They  should  have  been  labeled 
in  large  type  '^IIow  not  to  do  itT' 

Manifestly,  as  before  stated,  fire-resisting  partitions  should 
not  contain  doors,  window  frames,  or  trim,  of  wood.  Fire- 
resisting  doors  and  windows  are  considered  at  length  in  Chapter 
XIV,  hence  attention  will  here  be  confined  to  fire-resisting  trim 
as  applied  to  partitions. 
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Fire-resisting  trim  may  be  successfully  executed  in. fireproof ed 
wood,  cement,  terra-cotta  or  metal. 


Fia.  110. — Terra-Cotta  Partition  Trim,  — Door  Architrave. 

Fireproof  ed  Wood,  described  at  length  in  Chapter  VII,  has  been 
used  to  some  extent  as  incombustible  trim,  especially  in  New  York 
City,  where  the  building  code  requires  that  all  buildings  exceed- 
ing twelve  stories  or  150  feet  in  height  shall  have  incombustible 
floors,  metal  or  metal-covered  window  frames  and  sash,  while 
"the  inside  window  frames  and  sash,  doors,  trim  aind  other  in- 
terior finish  may  be  of  wood  covered  with  metal,  or  wood  treated 
by  some  process  approved  by  the  Board  of  Buildings  to  render 
the  same  fireproof.''  The  ' *  Flat  Iron  " 
or  Fuller  Building  affords  a  good  ex- 
ample of  the  use  of  fireproofed  wood 
for  partition  trim,  etc. 

Cement  Trim  has  been  successfully 
used  for  many  years  —  especially  in 
European  practice  —  for  running 
mouldings  such  as  door  architraves, 
window  trim  and  base  mouldings, 
etc.  Some  hard  plaster,  such  as 
Keene's  cement,  is  used,  and  almost 
any  open  moulding  may  be  "run"  of 
sharp  and  true  outline.  When  prop- 
erly done,  cement  trim  will  stand  or- 
dinary usage  for  a  long  time. 

Terra-cotta   Trim,   as   illustrated    in 

Figs.  110*  and  111,*  was  used  for  all 

partitions     in    the     "Amelia    Apart- 

FiG.  ui.-Terra-Cotta  Par-     ments/'  buUt  at  Akron,  Ohio,  in  1901. 

tition  Trim,  — Base  and         Practically   the    entire    building    was 

Picture  Moulding.  constructed  of  hard   burned  vitrified 

terra-cotta.      Fig.   110  illustrates  the  specially  formed  tile  used 

for  all  door  architraves,  and  Fig.  Ill  illustrates  the  tile  blocks 

♦  See  Fireproof  Magazine,  July,  1903. 
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used  fop-bases  and  picture  mouldings  in  partitions.  These  tiles 
were  afterwards  painted. 

MetcU  Trim  may  be  made  of  cast-iron,  hollow  metal,  or  of 
sheet  metal  ovei  a  core  of  wood  or  other  material. 

Castriron  Trim.  —  For  thin  partitions  (either  plaster  or  blocks), 
cast-iron  door  or  window  frames  may  be  used  as  indicated  in 
Fig.  112. 


Pig.  112.— Cast-iron  Door  Frames  for  Thin  Partitions. 


Metallic  trimy  that  is,  hollow  metal  frames,  trim,  etc.,  and 
kalamine  trim,  or  sheet  metal  over  wood,  are  considered  more  at 
length  in  Chapter  XIV  in  connection  with  doors,  windows,  etc. 

Metcd-covered  Concrete  Trim.  —  A  proposed  system  of  sheet- 
metal  trim  over  concrete  cores  or  backing  is  shown  in  Figs.  113* 
and  114.*        The  former  illustrates  door  frame  and  partition 
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Fig.  113.  — Metal-covered  Concrete  Trim. 


base  as  used  in  connection  with  a  tile  partition,  while  Fig.  114 
shows  a  proposed  arrangement  when  used  in  connection  with  a 

*  See  Architects'  and  Builders'  Jourrial,  May,  1906. 


414 


FIRE   PREVENTTON   AND   FFRE   PROTECTTOK 


2-inch  solid- plaster  partition.     In  this  conHtractioti  the  partitioo 
ia  built  to  the  trim  after  the  latter  is  in  place* 

Wire  Glass.  —  Where  glass  is  absolutely  required  in  fire- 
resisting  partitionetp  whether  in  windows,  transoma,  or  door 
panels,  wire  glass  should  always  be  used*  The  Kohl  Building, 
burned  in  the  San  I'Vaneinco  fire,  was  provided  with  kalamine 
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Fig,  114.  — Metal-covered  Cont:rete  Trim, 


doors,  windows  and  trim  throughout  all  interior  partitions,  bu 
in  combination  with  plate  glass.  The  kalamme  work  prov^ed 
effective,  but  it  would  have  been  still  njore  so  had  wire  glass 
been  used. 

^und-proof  Parti tlons.  —  Where  sound-proof  parti tiona 
arc  required  (as  in  music  studios,  etc.),  the  following  speeificj 
tions  have  been  used  by  Messrs.  Holabird  Jk  Roche,  architeci 
Chicago:  **Lay  up  two  3-inch  hollow  tile  partitions,  set  abso-^ 
lutely  isolated  from  each  other,  leaving  a  2-incb  air-space  between* 
In  this  air-space  shall  be  hung,  frooi  ceiling  lo  floor,  strips  of 
corrugated  building  paper,  weighing  6  iwiuids  pei;  square  of  one 
hundred  feet,  perfectly  joined  at  the  ioints,  and  continuous  from 
floor  to  ceiling.*^ 

A  series  of  tests  undertaken  in  1H95  by  Mr*  Bw^ight  PT*  Perkins, 
architect,  to  determine  upon  the  sound-proofing  of  partitioi 
In  the  Aluaic  Buildingj  Chicago,  showed  that 
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ootta  tile  partition,  made  of  two  3-inch  partitions  with  a  J-inch 
airnspace  between,  gave  the  best  results. 

Similar  tests,  to  determine  partition  construction  in  the  dor- 
mitories of  the  New  England  Conservatory  of  Music,  Boston, 
were  made  by  Prof.  Charles  L.  Norton,  1902.* 

After  much  consideration,  the  writer  has  given  the  fol- 
lowing ratings  to  the  different  partitions.  The  order  of  their 
standing  upon  the  list  indicates  their  eflBciency  as  compared 
with  those  above  and  below  them. 

Scale.  Composition. 

100 Cabot's  quilt,  3  thick  +  metal  lath. 

95 Cabot's  quilt,  2  thick  -j-  metal  lath. 

95 Cabot's  quilt,  2  thick  -f  metal  lath. 

85 Sackett  board,  2  felt  on  C  s. 

85 Sackett  board,  2  felt  on  Cs. 

80 Sackett  board,  2  felt. 

75 Metal  lath  +  paper. 

75 Metal  lath  -j-  paper  -F  felt. 

60 Two  2-inch  Keystone  blocks  with  2  inch  air-space. 

60 4-inch  National  terra-cotta  blocks. 

60 3-inch  Keystone  blocks. 

45 3-inch  National  terra-cotta  blocks. 

40 2-inch  Keystone  blocks. 

40 2-inch  National  terra-cotta  blocks. 

30 2-inch  metal  lath  and  solid  plaster. 

Nothing  more  is  to  be  inferred  from  the  numerical  effi- 
ciencies than  that  the  first  partition  is  about  three  times  as 
good  as  the  last,  and  that  the  numerical  interval  between  any 
two  partitions  on  the  list  merely  indicates  the  order  of  magni- 
tude of  the  difference  between  the  partitions. 

The  efficiency  of  the  Cabot  quilt,  as  a  material  for  render- 
ing the  partition  'sound-proof,'  is  so  clearly  demonstrated  in 
these  tests  that  I  recommend  it  for  use  in  the  partitions  for 
which  these  tests  were  made.  The  nature  of  the  material  in 
which  the  quilt  is  encased  should  be  carefully  considered.  I  do 
not  think  it  within  the  province  of  this  report  to  discuss  the 
partition  from  other  than  acoustic  considerations,  and  as  an 
encasing  medium  the  most  effective  material  is  Sackett  board 
and  adamant  plaster. 

I  would,  therefore,  give  as  my  opinion  tliat  the  best  acoustic 
results  would  be  attained  by  using  a  partition  of  Sackett  board 
and  plaster  Vith  two  thicknesses  of  Cabot's  quilt  between  the 
plaster  board.  .    .  . 

As  later  tests  showed,  some  sort  of  suspended  ceiling  will 
be  needed,  as  the  concrete  slab  transmits  the  sound  across  the 

•  For  complete  report,  see  Report  No.  II,  "Sound-proof  Partitions," 
Insurance  Engineering  Experiment  Station. 
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top  of  the  partition  readily.  No  trouble  will  be  given  by  the 
sound  passing  through  the  concrete  to  the  rooms  above  or 
below;  but,  unless  a  layer  of  Cabot's  quilt,  with  under  lath  and 
plaster,  or  of  Sackett  board  and  plaster  be  put  on  the  under  side 
of  the  concrete  ceiling,  the  efficiency  of  the  partitions  will  be 
diminished  somewhat. 

Conclusions.  —  Tests  show  conclusively  that  satisfactory 
fire-resisting  partitions  can  be  built. 

Experience,  in  actual  fires,  shows  that  poor  design  and  poor 
workmanship  are  responsible  for  most  failures. 

Essentials,  proper  planning,  design,  materials,  workmanship. 

Planning.  —  The  whole  scheme  of  fire- resistance  should  be 
considered,  in  an  effort  to  localize  incipient  fire,  surround  bad 
risks,  and  also  to  make  wide-spread  fire  impossible.  Minimize 
openings. 

Design  requires  adequate  thickness  and  stability,  and  fire- 
resisting  doors,  windows  and  trim.  Metal  bucks  are  desirable 
at  all  openings.  All  partitions  to  be  independent  of  column 
coverings. 

Materials.  —  Sheathings  are  usually  incombustible  only,  not 
fire-resistive. 

Metal  Lath  and  Plaster.  —  Some  tests  of  plaster  partitions  in 
actual  fires  have  shown  such  constructions  to  be  reliable  under 
fairly  severe  conditions,  while  other  tests  have  proved  their 
inefficiency.  There  is,  therefore,  a  decided  difference  of  opinion 
regarding  their  use,  but  a  sufficient  number  of  marked  failures 
have  been  recorded  to  show  conclusively  that  plaster  construc- 
tion cannot  be  considered  first-class  fireproofing.  Indeed,  where- 
ever  plaster  has  been  depended  on  for  fire-resistance,  whether 
in  combination  with  brick,  tile,  wire  lath  or  metal  lath,  it  appears 
that  sufficient  bond  has  not  existed  between  the  plaster  and  the 
surface  to  which  it  was  applied  to  resist  successfully  the  combined 
action  of  fire  and  water. 

Plaster-block  partitions  possess  good  qualities,  but  calcine  under 
heat  and  wash  away  under  hose  streams  to  such  an  extent  as 
generally  to  make  renewal  necessary. 

Tile  partitions  will  constitute  the  most  satisfactory  light-weight 
partitions  if  made  of  semi-porous  or  porous  material.  They 
should  be  made  thicker  than  generally  used,  and  particular  atten- 
tion should  be  paid  to  workmanship. 

Concrete  is  efficient,  but  heavy  and  difficult  to  install. 
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Brick  is  highly  efficient  and  should  be  used  for  main  dividing 
fire  walls,  around  stairs  and  elevator  shafts,  and  where  particu- 
larly severe  conditions  are  to  be  expected. 

Workmanship,  —  Partitions  must  be  started  on  fire-resisting 
floors,  wedged  at  ceilings,  braced  to  masonry  walls,  and  laid  in 
cement  mortar.  Piping  should  never  be  cut  into  partitions,  but 
should  be  placed  in  especially  designed  chases  or  slots. 


CHAPTER  XIV. 

FIRE-RESISTING   SHUTTERS,  WINDOWS  AND 
DOORS. 

Note.  —  The  detailed  standard  rules  and  requirements  of  the  National  Board 
of  Fire  Underwriters  concerning  Fire  Doors,  Shutters  and  Wire  Glass  Windows, 
etc., — viz.,  the  booklet  "Fire  Doors  and  Shutters"  containing  many  illus- 
trations of  Doors,  Shutters,  Frames,  etc.,  and  booklet  "Wired  Glass"  —  may 
be  obtained  gratis  by  addressing  the  National  Board  of  Fire  Underwriters, 
135  William  St.,  New  York  City. 

Exposure  Hazard  generally  constitutes  one  of  the  most 
difficult  problems  of  fire  protection,  in  securing  a  proper  balance 
between  theoretical  requirements  and  sensible  practice.  As  was 
found  to  be  the  case  with  interior  fire-resisting  partitions,  it  is 
evident  that  the  architectural  functions  of  window  and  door 
openings,  whether  in  exterior  walls  or  in  interior  walls  or  par- 
titions, are  generally  considered  of  far  more  importance  than 
their  fire-resisting  functions,  in  spite  of  the  fact  that  such  oi>en- 
ings  almost  invariably  constitute  the  weakest  link  in  the  chain 
of  fire  protection  as  applied  to  building  construction.  Indeed, 
the  experiences  of  Baltimore  and  San  Francisco  are  liable  to 
be  dupUcated  or  even  exceeded  at  any  time,  owing  to  the  wide 
neglect  of  exposure  precautions. 

A  fire-resisting  building  has  been  defined  as  one  which  would 
confine  fire  of  interior  origin  to  the  unit  of  area  \^ithin  which  it 
started,  and  also  as  one  which  would  protect  itself  and  its  con- 
tents against  adjacent  or  exterior  fire,  even  though  of  severe  and 
wide-spread  intensity.  This  external  hazard  is  quite  as  impor- 
tant, indeed  often  very  much  more  important,  than  the  danger 
against  interior  fire;  for  the  burning  of  an  adjacent  or  nearby 
structure  or  structures  is  almost  sure  to  produce  test  conditions 
of  far  greater  severity  than  those  which  could  possibly  arise 
within  a  building  in  which  the  proper  subdivision  of  areas  and 
the  treatment  of  vertical  openings  had  been  considered. 

The  efficiency  of  any  exterior  wall  under  fire  test  will  vary 
inversely  as  the  number  and  the  size  of  the  openings  in  such  wail. 
Ko  construction  can  prove  a  more  reliable  fire  stop  than  a  brick 
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wall  of  adequate  thickness  and  rigidity,  but  without  openings. 
Such  blank  walls,  however,  are  generally  limited  to  party  or 
side  walls,  abutting  adjacent  property,  where  windows  cannot, 
of  necessity,  be  introduced.  For,  modem  requirements  of  a 
maximum  of  light  and  air  in  office  or  other  commercial  or  resi- 
dential buildings  usually  demand  that  windows  be  provided  in 
all  exterior  walls,  where  possible;  and  even  party  or  side  walls, 
in  case  the  new  structure  is  built  to  a  greater  height  than  the 
older  adjacent  building,  are  often  pierced  with  windows  over- 
looking the  neighboring  property. 

In  fact,  it  was  just  such  a  case  which  first  directed  prominent 
attention  to  the  external  hazard  from  adjacent  property,  viz.j 
the  fire  which  resulted  in  such  great  damage  to  the  Home  Life 
Insurance  Company's  Building  in  1898,  as  described  in  Chap- 
ter VI.  Here  was  a  building  designed  to  be  thoroughly  fire- 
resisting,  in  which  an  internal  fire  would  undoubtedly  have  been 
confined  to  the  floor  of  origin  without  serious  damage  to  the 
building  as  a  whole.  But  the  neglect  to  provide  fire-resisting 
window  openings  in  the  side  wall  and  light-court  adjacent  to  and 
overlooking  the  Rogers,  Peet  &  Co.'s  clothing  store  was  the 
direct  cause  of  a  heavy  fire-  and  water-damage  to  almost  the  en- 
tire building. 

Determining  Factors.  —  The  use  to  which  the  building  is  to 
be  put  will  often  influence  or  determine  the  number  and  size  of 
the  window  openings.  The  office  building  demands  a  maximum, 
both  in  number  and  size;  while  the  storage  warehouse,  intended 
by  its  very  architectural  design  to  express  assurance  as  to  the 
safety  of  its  contents,  is  usually  provided  with  few  window 
openings,  and  even  those  of  very  limited  area. 

The  general  location  of  any  particular  structure,  the  character 
of  its  contents  and  its  proximity  to  neighbors  of  dangerous  con- 
struction, contents,  or  manufacturing  processes,  will  aU  be  deter- 
mining factors  in  deciding  upon  the  degree  of  fire-resistance  which 
it  may  be  necessary  to  provide  in  the  window  openings  called 
for  by  the  design. 

If  our  congested  city  areas  of  large  and  high  mercantile  build- 
ings were  uniformly  of  fire-resisting  construction,  there  would 
be  far  less  need  of  window  protection  than  now  generally  exists. 
It  is  the  usual  promiscuous  mingling  of  both  good  and  bad  con- 
struction that  lends  such  an  element  of  danger  to  the  former 
through  the  shortcomings  of  the  latter.     Hence  a  building  in- 
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tended  to  be  thoroughly  fire-resisting  must  provide  added  pre- 
caution, and  consequently  incur  added  expense,  to  overcome 
the  hazard  occasioned  by  some  more  shortsighted  owner  who 
builds  for  his  own  convenience  only,  regardless  of  his  duty  to 
neighbors  or  the  community.  Therein  lies  a  great  injustice 
resulting  from  our  building  laws  which  permit  good,  bad  and 
indifferent  constructions  within  one  and  the  same  locality. 

Wall  Exposures.  —  Hence,  under  present  conditions  obtaining 
in  all  large  cities,  it  is  still  necessary  or  desirable  to  provide  fire- 
resisting  window  frames  and  sash,  even  for  building  facades  on 
public  squares  or  parks  (unless  of  very  extensive  area),  or  upon 
wide  avenues  or  streets,  owing  to  the  danger  arising  from  the 
lodgment  of  flying  sparks  or  firebrands  against  the  exterior  win- 
dow trim  during  a  conflagration  of  any  great  severity.  This 
grave  danger  to  an  otherwise  impregnable  building  was  clearly 
demonstrated  in  the  Baltimore  conflagration,  where  burning 
sparks  from  the  surrounding  non-fire-resisting  buildings  fell  in 
suflBcient  quantities  upon  the  window  sills  of  the  Continental 
Trust  Company's  Building  to  ignite,  almost  simultaneously,  the 
window  frames  and  sash  of  nearly  all  of  the  upper  stories. 

For  such  exposures,  fronting  upon  parks,  open  squares,  or  even 
upon  very  wide  thoroughfares,  it  would  be  sufficient  to  provide 
some  type  of  non-combustible  window  trim,  possibly  hollow 
metal  or  kalamine  frames  and  sash,  with  plate-glass  lights,  es- 
pecially if  the  building  were  equipped  with  means  of  fighting 
fire  upon  each  and  every  floor,  as  should  invariably  be  the  case, 
regardless  of  how  efficiently  the  scheme  of  fire-resistance  may  be 
carried  out. 

Thus  in  the  Home  Life  Insurance  Company's  Building,  before 
mentioned,  there  was  little  or  no  necessity  for  providing  either 
fire  shutters  or  fire-resisting  windows  of  the  highest  efficiency  on 
the  principal  facade,  as  the  building  fronts  on  Broadway,  imme- 
diately opposite  City  Hall  Park.  This  would  make  direct  con- 
flagration hazard  slight  from  that  direction.  But  for  the  side 
and  court  windows,  overlooking  lower  and  non-fire-resisting 
buildings  containing  highly  inflammable  contents,  there  was 
every  practical  reason  for  providing  a  high  degree  of  fire-resist- 
ance in  the  wall  openings. 

Windows  on  narrow  streets,  whether  front,  rear  or  side,  win- 
dows on  alleys  or  courts,  those  overlooking  adjacent  property, 
should  all  be  rendered  fire-resistive  to  the  degree  suggested  by 
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the  neamesa  or  character  of  the  adjacent  buildingfl  or  their  con- 
tents. For  very  near  or  very  severe  exposures,  some  forni  of 
fire-resisting  shutter  cornbitied  with  a  firoresi^ting  window 
construcliou  bcloml  ii^  is  midouhteflly  the  bcvst  protectioiL  For 
less  severe  exposures  some  of  tlie  window  types  to  be  mentioned 
later  will  probably  suffice. 

Building  Ordinances,  —  The  question  of  window  protection 
is  often  detenu ined  by  the  local  building  ordinance.  Thus  the 
requirements  of  the  New  York,  Cleveland  and  other  ordinancea 
are  similar  to  the  Boston  law  which  is  as  follows: 

In  all  first-  or  seeond-clrLss  mercantile  or  manufacturing 
f>uildings  over  thirty  feet  in  height,  outside  openings  in  party 
wallft,  or  in  an>^  renr  or  side  wall  within  twenty  *  feet  of  an  oppo- 
site wall  or  buililing,  shall  have  metal  frames  and  sashes  and 
shall  be  tclazed  with  wire  ghiss  or  shall  ht?  protected  by  shutters. 
Such  shutters  shall  be  (lovcrtHl  on  both  sidei?  vvith  tin  or  shall  be 
mside  of  other  suitable  fireproof  material,  and  hung  on  the  out- 
side, either  upon  independent  nu'tal  frames  or  upon  metal 
hinges  attached  to  the  masonry,  and  shall  b(;  made  to  be  han- 
dled from  the  otitside,  and  one  Hin^h  shultcr  in  each  room  shall 
have  a  protected  hand  hole  eight  inches  in  diameter. 

The  Building  Code  recjommended  by  the  National  Board  of 
Fire  Underwriters,  m  view  of  late  experience  in  conflagrations, 
etc.,  goes  much  farther  in  the  matter  of  window  protection,  as 
follows: 

Evt^ry  building,  except  private  ilwelling-houaes  and 
churches  si  tall  have  stamlard  wifidow  protection  —  viz,  shut- 
ters or  metal  and  wire  glass  windows  —  on  every  exterior  whidtm' 
and  opening  above  the  lirs(  story,  excepting  on  the  front  open- 
ings of  buildings  fronting  on  streets  which  are  more  than  one 
hundred  feet  in  width,  or  ivhrre  no  otlier  liuildings  are  within 
one  bundrerl  feet  of  such  openings, 

AiiCo  Exposure  is  the  danger  or  expoenre  a  building  offers  to 
itvHelf  through  the  pos«il>iIity  of  rommunicating  firt5  from  story  to 
etory  by  menus  of  the  window  «)penings,  much  tlie  same  as  fire 
may  be  commuoinated  internally  through  vertical  openings.  All 
windows  occurring  in  successive  st^iries  offer  more  or  less  auto 
exposure!,  but  openings  in  inderded  courts  or  in  interior  light- 
wells,  etc,,  are  partiuuJarly  dangerous  in  this  regard,  as  such 
courts  or  shafts  are  especially  liable  to  act  as  fiueSj  thus  iiggravat- 
ing  the  intensity  and   upward  rush  of  flame^i.     The  Chicago 
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Athletic  Club  Building  and  the  Asch  Building  fires  offered  ex- 
cellent examples  of  auto  exposure,  in  the  communication  of  fire 
from  the  windows  of  lower  stories  into  the  windows  of  upper 
stories. 

Experience  from  Various  Fires.  —  Before  considering  the 
present  most  approved  methods  of  window  protection,  it  will  be 
profitable  to  review  briefly  the  experience  gained  in  past  fiies. 

Prior  to  the  year  1904,  numerous  fires  in  individual  buildings 
had  served  to  call  attention  to  the  necessity  for  window  pro- 
tection against  dangerous  neighbors  or  against  existing  hazards 
of  various  character,  as  has  been  pointed  out  in  Chapter  VI. 

Thus  the  first  fire  in  the  Home  buildings  in  Pittsburgh  was 
essentially  an  exposure  fire,  —  very  severe,  it  is  true,  owing  to 
the  falling  walls  of  the  building  where  the  fii'e  originated  —  but 
efficient  window  protection  would  probably  have  furnished  the 
breastworks  behind  which  the  fire  department  could  have  fought. 

The  Vanderbilt  Building  was  provided  with  Iron  shutters, 
but  as  none  of  them  was  closed,  a  severe  exposure  fire  resulted 
from  the  burning  of  a  non-fire-resisting  neighbor. 

The  Home  Life  Insurance  Company's  Building  fire  has  already 
been  mentioned.  The  Granite  Building  fire  in  Rochester,  de- 
scribed in  Chapter  VI,  demonstrated  the  utmost  disregard  on 
the  part  of  the  owners  concerning  this  great  hazard. 

Baltimore  Experience.  —  It  was  not  until  the  great  Balti- 
more conflagration  that  the  true  value  of  universal  window  pro- 
tection became  fully  apparent  —  a  protection  to  serve  not  only 
the  individual  building  to  which  it  was  applied,  but  to  serve  also 
the  interests  of  ail  adjoining  and  surrounding  structures  in  just 
so  far  reducing  the  conflagration  hazard.  In  a  special  report  on 
the  Baltimore  fire,  the  National  Fire  Protection  Association 
stated  as  follows: 

The  general  absence  of  protection  at  exposed  wall  openings  is 
responsible  for  the  spread  of  this  conflagration  more  than  any  other 
cause.  In  fact,  this  condition  may  be  safely  stated  to  have  been  the 
cause  for  the  spread  of  this  fire  beyond  fire  department  control. 

The  use  of  standard  fire  shutters  and  doors,  wired  and  prism 
glass  in  substantial  metallic  frames  designed  to  withstand  severe 
fire  conditions,  is  essential  not  only  as  a  protection  of  single 
properties,  but  as  a  means  of  preventing  conflagrations  in  all 
congested  districts  where  large  groups  of  buildings  are  mutually 
exposed  through  necessary  wall  openings. 

This  conflagration  has  again  demonstrated  that  where  sub- 
jected to  exposing  fire  the  most  vulnerable  parts  in  buildings  of 
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I  fire-it?t5(stive  constniftion  aw   tlio    wiiulovv    and   wnU  openings. 

i  Tbo  necessity  ffir  inuUiiiK  till  thrsp  upenin^^  as  npurly  equal  to 
the  other  features  of  the  huildiuMJ  in  hri>r*^HiMtivp  properties  as 
is  poKsible  will  h?  jippjirciit.  It  k  beheve'l  that  the  proper 
appiiciktiun  of  tlie  <k'V!e<\i  alfove  mentioned  will  attaio  this  eod. 
This  should  include  street  windows. 
See  aLio  Chapter  IX ^  pagt*  3()4. 

In  yiddition  to  the^e  general  dediietions,  spfcifir  iast.ances  of 
I  the  value  of  firi>resisf,ing  wimlowH  wert  brought  to  public  notice 
[  Ihrough  the  Baltimore  fire,  notably-  by  the  metal  frame  and  wire 
[glass  windows  in  the  "Electric  Transformer  Station/'  where 
[suuh  window8  effectually  blocked  the  path  of  the  conflagration, 
[.not  only  protecting  the  building  rc^f erred  to,  but  Luniting  the 
I  spread  of  fire  beyond. 

TestuS  of  tin-co\'ered  and  plate-iron  shutters  in  the  Baltimore 
fire  are  contsidennl  in  more  detail  in  later  paragraphs, 

San  Francisco  Experlenee.  —  One  of  the  most  compre- 
hensive reports  on  the  question  of  window  proteetion,  etc.,  as 
exhibited  in  the  8an  Francisco  conflagration,  is  to  be  found  in 
[the  report  f^f  Mr.  S.  Albeit  Reedj  Consulting  Engineer  to  the 
tComttjit.tf«e  of  Twenty,  of  the  National  Board  of  Fire  Under- 
I  writers,  from  which  the  following  extracts  are  taken  as  being 
[worthy  of  e.special  eons  ide  rat  ion ,  and  aw  bearing  intimately  on 
I  the  detaik  discussed  in  this  chapter. 

Metal-covered  Trim.  —  The  Kohl  Builtling  afforded  the  first 
conflagrution  experience  with  metal-covered  or  kalamine  inlcrior 
and  window  trim.  The  windows  were  plate  glass,  and  partition 
,  glazing  ordinarj'  glass.     The  building  made  an  excellent  showing, 

Cautioti  must  be  exercii^ed  in  drawing  broad  conclusions 
from  this  case.  The  fact  that  the  majority  of  the  plate  glass 
windows  are  not  even  cracked  shows  that  the  upper  floors  did 
not  receive  any  severe  sliock.  The  building  was  not  deserted 
[during  the  fire.  Furthermore,  the  lower  three  flrw^^rs  are  ex- 
llensively  burned  out,  the  wood  having  ignited  untler  its  metal 
[Bheathing*  showiiig  that  when  the  glass  of  windows  breaks  and 
fire  takes  hold  of  the  contents  of  tlie  room  the  heat  soon  pene- 
trates the  thin  metal  sheathing  of  the  trim.  8tilh  thtire  is  a 
tlefirute,  though  small,  udvantiige  in  this  detail  of  protection.  .  .  , 
There  are  places^  especially  iu  a  region  of  lin'pnjof  buildings, 
where  the  prevalent  cause  of  ignition  is  not  the  general  drift  so 
much  ua  sparks  and  brands  which  lodge  on  window  sills  and 
ignite  the  sash  frames.  .  .  .  There  will  be  Jnany  places  where 
the  temperatures  are  ju-st  in  the  margin  short  of  tlie  point  where 
plate  gljiss  will  breaks  but  above  the  point  where  exposed  and 
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painted  wood  will  ignite.  In  these  cases  the  fact  that  the  trim 
is  metal  covered  may  turn  the  scale.  .  .  . 

Going  higher  in  the  scale  of  window  protection,  we  have 
the  case  of  the  Western  Electric  Company's  Building  (see 
later  reference  to  "Wire  Glass  Windows  in  San  Francisco  Fire"). 
with  its  wire  glass  windows.  These  still  cannot  be  regarded 
as  standard,  inasmuch  as  the  defect  well  known  to  fire-protec- 
tion engineers,  namely,  diathermanency,  developed  the  antic- 
ipated effects,  namely  ignition  through  the  glass.  It  is  impor- 
tant not  to  be  misled  as  to  the  lessons  of  this  instance.  The 
breakdown,  at  the  start,  of  their  fine  private  equipment  for 
fire  defence  left  the  occupants  with  but  slight  advantage  over 
other  buildings  in  the  sweep  of  the  conflagration.  Their  mill 
construction,  automatic  sprinklers,  yard  reservoir  and  outside 
hydrants  did  not  save  them.  It  was  the  retardant  though  not 
positively  resistant  effect  of  the  wire  glass  and  metal-frame 
window  protection  which  gave  the  small  force  of  two  or  three 
men  a  chance  to  take  care  of  50  or  60  windows  and  extinguish 
ignition  fires  in  detail.  .  .  . 

Fire  Shutters.  —  As  before  referred  to,  there  were  no 
chances  to  observe  the  legitimate  action  of  fire  on  shutters 
because  in  nearly  every  case  the  fire  got  in  elsewhere  and  attacked 
the  shutters  from  the  inside.  Several  walls  were  standing, 
however,  with  tin-covered  shutters  still  hanging  at  their  window 
openings,  apparently  sound. 

Old-fashioned  inside  folding  iron  shutters  deserve  credit 
in  several  cases.  The  two  lower  floors  of  the  Mint  were  pro- 
tected with  them,  and,  though  the  glass  in  the  sash  was  de- 
stroyed, the  shutters  appear  to  have  been  uninjured.  In  the 
old  non-fireproof  warehouse  block  which  survived  to  the  west  of 
the  custom  house,  the  buildings,  2  or  3  stories  high,  were  nearly 
all  furnished  with  inside  folding  iron  shutters  to  all  windows, 
front  as  well  as  rear.  These  shutters  appear  iminjured,  although 
much  glass  is  broken.  The  fact,  however,  that  many  glass  win- 
dows on  this  block  were  not  broken  indicated  that  the  fire  con- 
ditions at  this  point  must  have  been  rather  mild;  yet  doubtless 
these  shutters  were  of  value.  The  same  arginncnt  may  be  used 
here  as  was  used  in  the  case  of  the  metal-sheathed  window  trim, 
viz. J  that  many  instances  occur  in  conflagrations  where  even  a 
quite  inferior  window  protection  will  turn  the  scale.  In  the 
Bush  Street  Telephone  Exchange  the  windows  on  the  narrow 
front  on  Bush  street  were  of  ordinary  glass  and  had  outside 
rolling  steel  shutters.  In  places  the  window  glass  is  melted  into 
a  mass  on  the  window  sill,  while  the  shutters  are  apparently  un- 
injured. The  destructive  fire  liere  was  the  internal,  not  the 
external,  yet  it  is  plain  that  these  shutters  stood  a  heat  which 
reached  the  melting  point  of  glass,  viz.,  over  2000°  F.  The 
inside  tin-covered  wooden  shutters  are  heavily  bulged  and 
sprung  inward  from  the  effects  of  the  fire  inside  the  building. 
The  outside  wire  glass  with  metal-covered  sash  is  practically 
unJDJured,  except  in  one  case,  where  the  shutter  had  bulged 
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inward  and  exposed  the  wire  glass.  At  this  point  the  wire  glass 
has  sagged  6  inches  and  puUed  partly  out  of  the  sash  frame. 
In  the  Mission  Street  Telephone  Exchange  wire  glass  in  metal- 
covered  frames  without  shutters  saved  the  two  lower  floors, 
although  the  building  was  abandoned.  This  building  had  the 
advantage  of  being  in  a  scattered  frame  district  where  the  ex- 
posure, though  intense,  was  of  short  duration.  The  reinforced- 
concrete  floor  arches  and  the  protected  floor  openings  prevented 
the  fire  from  working  down  below  the  top  story.  The  ignition 
of  the  top  story  may  have  occurred  through  a  break  in  the  side 
wall,  at  a  point  near  the  roof,  caused  by  the  earthquake,  or 
there  may  have  been  ignition  through  the  glass  of  the  windows. 
It  is  a  unique  experience  for  an  abandoned  building  to  save,  in- 
habitable condition,  two  floors,  in  a  clean-swept  district,  solely 
by  the  excellence  of  its  window  protection  and  its  floor  con- 
struction. .  .  . 

Dedtictions.  —  The  results  point  to  the  importance  of 
sub-standard  as  well  as  standard  window  protection,  as  an 
encouragement  to  men  to  remain  in  and  make  an  effort  to  save 
the  threatened  building.  The  number  of  city  buildings  in 
which,  for  reasons  of  economy  and  convenience,  it  will  be  pos- 
sible to  secure  sub-standard  front  window  protection  will  prob- 
ably be  large  compared  to  the  number  of  those  in  which  owners 
can  be  induced  to  install  protection  of  the  highest  standard. 

The  plan  of  a  double  line  of  defence  has  great  merit.  Two 
or  more  semi-pervious  screens,  one  behind  the  other,  may  he 
better  than  a  single  nearly  impervious  screen. 

Types  of  Window  Protection.  —  Considering  now  the 
various  types  afforded  by  current  practice,  it  will  be  found  that 
all  methods  of  fire-resistance  for  windows  may  be  divided  into 
three  groups  or  classifications,  namely,  water  jets  or  open  sprink- 
lers, shutters,  and  metal  or  metal-covered  frames  and  sash  in 
combination  with  glass. 

If  open  sprinklers  are  used  as  window  protection,  the  installa- 
tion should  be  made  by  some  sprinkler  company  which  is  satis- 
factory to  the  Underwriters  having  jurisdiction;  if  shutters  or 
fire-resisting  windows  are  used,  they  should  preferably  be  made 
and  installed  by  some  manufacturer  employing  the  label  servic^e 
of  the  Underwriters'  Laboratories,  Inc.  Approved  fittings  and 
hardware  are  also  essential. 

Open  Sprinklers,  or  "water  curtains"  as  they  are  sometimes 
called,  are  described  in  detail  under  heading  ''Open  Sprinklers" 
in  Chapter  XXX. 

Although  comparatively  few  experiences  have  adequately 
tested  the  efficiency  of  this  system  (for  several  actual  tests  see 
Chapter  XXX),  it  is  still  often  advocated  as  a  practicul  laaa^x^^s* 
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of  preventing  the  passage  of  flames  through  window  openings, 
even  to  the  exclusion  of  fire  shutters.  Such  dependence  upon 
open  sprinklers  is  not  justified  under  severe  conditions,  as  water 
is  diathermous,  hke  wire  glass,  permitting  radiant  heat  to  pass 
through  readily.  Under  near  or  severe  exposure,  combustible 
contents  or  trim  inside  of  windows  protected  only  by  water 
curtains  would  probably  be  set  on  fire  by  the  radiant  heat  pass- 
ing through  the  water,  about  as  quickly  as  though  no  sprinklers 
existed. 

The  report  by  Messrs.  E.  U.  Crosby,  C.  A.  Hexamer  and 
F.  J.  T.  Stewart  to  the  New  York  Board  of  Fire  Underwriters 
on  the  question  of  outside  sprinkler  protections  for  buildings  in 
New  York  City  summarizes  their  limitations  in  the  following 
conclusion: 

We  are  confident  that  open  sprinkler  systems  fed  by  high- 
pressure  fire  service  mains  cannot  be  relied  upon  as  a  conflagra- 
tion barrier  and  should  not  be  introduced  to  the  exclusion  of 
the  more  positive  protection  to  be  afforded  by  standard  wire 
glass  windows  and  shutters,  which  latter,  we  believe,  should  be 
required  at  all  street  fronts  in  exposure  districts. 

The  true  value  of  open  sprinklers  lies,  therefore,  in  their  use 
under  moderate  conditions,  especially  where  more  efficient  means 
may  be  either  impracticable  or  too  costly,  and  in  the  reinforce- 
merit  which  they  may  provide,  imder  severe  conditions,  to  some 
other  form  of  window  protection,  as,  for  instance,  in  augment- 
ing the  fire-resistance  of  shutters  or  wire  glass  windows.  Pro- 
tection to  wall  construction  which  is  not  fire-resistive  may  also 
be  valuable.  The  writer  recently  witnessed  a  severe  exposure 
fire  where  a  factory  building  with  exterior  walls  of  asbestos  pro- 
tected metal  would  soon  have  succumbed,  had  it  not  been  for 
the  efficient  work  done  by  the  cornice  sprinklers. 

Fire-resisting  Shutters. 

Types  of  Flre-reslstlng  Shutters. —  Ordinary  types  of  shut- 
ters comprise  what  are  usually  called  "Standard''  or  ''Underwrit- 
ers'" shutters  of  wood,  covered  with  lock-jointed  sheet  tin, — 
hinged  shutters  made  of  sheet-  or  corrugated-iron  in  various  forms, 
—  and  rolling  shutters  made  of  corrugated-  or  inter  locking-metal, 
arranged  to  slide  up  and  down  like  a  curtain. 

These  types  are  usually  employed  outside  of  ordinary  wood  and 
glass  w'mdoyf  trim,  but  inside  hinged  or  rolhng  shutters  may 
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alao  lie  us(h],  wLere  tlio&n  of  the  rolling  type  are  nuide  to  coil  up 
in  espef^ially  coiistriu'ted  overheatl  boxes,  or  where  those  of  the 
fkt  hinged  type  are  foMed  hark  into  pockets  in  the  window 
janibs* 

In  spite  of  the  failure  of  all  of  these  types  of  shutters  under 
Bevere  test  conditiorLs,  it  is  still  beyond  Qu*»stifm  that  no  more 
effective  single  form  of  window  protection  can  be  df vised  than 
an  approved  fire  shunter, 

Reaul$lt€«i  for  Fire  Shutter^i.  —  Tlw  pros  and  eona  of 
various  type^  of  whutterjr  are  con^:idered  io  follinvin|r  para|?r:iphs, 
but  any  form,  to  be  acceptable,  should  e'ornbine  ttjp  following 
requisites  1 

(a)  Fire-reBistance,  Thia  is  dependent  upon  the  material  of 
which  the  shutter  is  made,  and  upon  the  construction  ii.nd  method 
of  hanging. 

»{b)  Abilit.y  to  resist  the  radiation  of  heat, 
(c)  Capability  of  being  opened  from  the  outside. 
This  is  in  order  that  firemen  niay  have  a(fcess  to  interior 
fire,  or  that  shutters  may  be  opened  to  pennit  the  escape  of  t  hose] 
caught  in  the  interior  of  building.     The  National  Code  retjuires 
that  "all  shuttera  openiuK  on  finx^sca.pcs,  and  at  least  one  row, 
vertically,  in  every  tlirw  vertical  rows  on  the  front  window 
openings  above  the  first  story  of  any  building,  shall  be  so  ar- 
ranged that  they  can  be  readily  opened  from  the  outside  by 
^remen." 

W  (d)  Abihty  to  act  as  a  fire  shield  behind  which  firemen  may 
work.  For  this  purjHise,  protectwl  ho«e  holc?^  should  be  provided 
on  at  letist  one  shuttered  opening  per  room. 

Tln-eovered  8liiitters  are  usually  made  of  two  thicknesses 
of  tongued  and  grooved  in-ineh  boanls,  laid  at  right  angles  to 
each  other,  and  nailed  with  wrought-iron  nails,  which  are  driven  J 
flu^sh  and  elinelied  on  the  other  side.  This  woodwork  is  then 
covered  on  fjoth  sides  and  edge  with  sheets  of  tin,  lock-jointed 
togetlier. 

The  National  Board  ''Standard'*  rcquireraenta  are  as  follows: 

(a)  To  be  hung  next  to  masonry^  either  over-lapping  win- 
dow opening  4  inches  or  fitting  close  inside  opening. 

(h)  Construction  to  be  the  same  as  for  fire  doors,  except 
that  only  two  thi{*knesse«  of  Jf-inoh  board  are  required,  layers 
of  board^  to  be  at  right  angles. 

(c)  Wlken  made  in  pairs,  the  edget^  coTuing  together  should 
he  slightly  beveled  (not  rabl>etterl)  to  allow  the  shutters  to  be 
reaiiily  opened  and  closed,  ant  I  to  aiti  in  making  a  tight  tit, 
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Shutters^  made  in  pairs  do  not  furnish  as  reliable  protec- 
tion as  single  shutters. 

Joints  between  shutters  may  be  protected  by  a  J  by  2J- 
inch  iron  astragal  bolted  to  one  shutter  by  carriage  bolts  spaced 
10  inches  apart. 

(d)  Tin  covering  to  be  the  same  as  for  fire  doors,  except 
that  seams  should  be  made  with  the  upper  sheet  lapping  out- 
side of  under  one,  so  as  to  shed  water. 

Nails  for  attaching  covering  to  be  1  j  inches  long,  otherwise 
to  comply  with  those  specified  for  fire  doors. 

(e)  Hinges  to  be  wrought  iron  /^  inch  by  IJ  inches. 
Same  to  be  secured  by  bolts  passing  through  shutter  with 
washers  under  bolt  heads. 

(/)  Substantial  wrought-iron  pin  or  eye  blocks  to  be  securely 
set  in  wall  or  bolted  through  wall. 

(g)  Shutters  to  be  secured  shut  by  at  least  two  1}  by  |  in. 
steel  latches,  working  together  and  spaced  about  J  the  distanc^e 
from  top  and  bottom  of  the  window  opening.  Latches  to  pivot 
on  |-inch  bolts  through  the  shutter.  Catches  to  be  provided 
with  a  flare  and  fastened  to  the  shutter  by  two  through  bolts. 

(h)  At  least  one  shutter  in  three  on  each  floor  above  the 
first  and  below  the  seventh,  and  shutters  next  to  fire  escapes  and 
above  adjoining  buildings  to  be  constructed  so  that  they  can  be 
operated  from  both  inside  and  outside. 

(i)  The  use  of  expansion  bolts  in  mounting  shutters  is  not 
approved. 

(j)  When  sliding  shutters  are  used  outside  (should  not  be 
if  avoidable),  metal  shields  should  be  provided  to  prevent  accu- 
mulation of  snow  or  ice  on  the  track. 

Sliding  fire  shutters  not  to  be  installed  except  subject  to 
underwriters  having  jurisdiction. 

Painting.  —  A  light-colored  paint  is  recommended  for  fire 
shutters,  but  first  give  them  a  coat  of  metallic  brown,  Venetian 
red,  or  red-oxide  paint,  ground  in  pure  linseed  oil. 

Care  and  Maintenance.  —  (a)  Fire  shutters  should  be 
ready  for  instant  use  at  all  times,  therefore  it  is  necessary  to 
keep  the  surroundings  clear  of  everything  that  would  be  likely 
to  obstruct  or  interfere  with  their  free  operatiqn.  They  should 
be  kept  closed  and  fastened  nights,  Sundays  and  holidays,  and 
whenever  the  openings  are  not  in  use. 

(6)  Never  tack  any  tin  on  a  tin-clad  shutter.  When  tin 
becomes  worn,  substitute  new  sheets  in  the  same  manner  as 
when  covering  a  new  shutter. 

The  fact  should  be  emphasized,  that  a  novice,  carpenter, 
tinsmith  or  metal  worker,  unless  trained  and  experienced  in 
their  manufacture,  cannot  be  relied  upon  to  make  standard 
doors  and  shutters.  In  order  to  obtain  such,  property  owners 
should  contract  with  those  making  this  work  a  specialty,  and 
who  are  recommended  by  the  underwriters  as  turning  out  an 
bonest  and   reliable   article.     It  is   also   important   that  they 
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bHouM  be  ri(ipIoy<*il  in  jj.1  (Mfli  Uio  rittin^;.s  aiirl  lianp  the  tlijfii's 
nrxd  *sliuttprs  in  place.  The  effieienoy  of  a  p^nod  device  has  ftften 
Ik'CH  pmeticitlJy  Jesiroyai  Ijy  its  heirig  improperly  huDg,  The 
Btriet  ol*servati*ni  (»f  thaso  syggestioris  will  mean  an  actiml 
saving  of  money ,  m  well  as  gr/^ater  protection.* 

EJici^^ncy  of  Tin-c^fercd  Shdicrs,  —  It  is  prohalile  that  stand- 
ard tin-rnvered  ^hnttern  will  he  found  alwmt  as  effeetive  un- 
der severe  test  a**5  any  sin-f/le  form  of  prc^c^nt-ciay  window  pro- 
tection. Many  firpa  have  denionstratetl  their  effieieney  nndi'T 
severe  conditions,  but  that  they  nre  all  that  could  lie  desircni 
under  con fl aeration  condilionfi  efumot  be  maintained  after  llieir 
record  in  the  Baltimore  and  San  Francisco  firce. 

The  report,  of  the  National  Fire  Protection  Association  on  the 
Baltimore  fire  stated  that 

The  fart  that  many  non-standard  fire  shutters  failed  in 
thiB  eonffagration  should  nrjt  (vuise  a  loss  of  fait/i  in  ihv  standard 
shutter  m^  WfH^ihed  by  the  National  Board  of  Fire  Underwriters. 
The  fth utters  in  the  laiildings  nientionril  in  this  rejxirt  were 
generally  latched  to  the  wooden  window^  frames  back  of  them, 
and  were  expoBJxl  to  contimnMl  lii^at  on  both  sides.  Standard 
fire  .shuttern  properly  mounted  and  fiilly  applied  will  furnish 
reliable  protection  agaiast  e.\])ostirci  fires  aa  severe  as  that  of  the 
Baltimore  conflagration. 

This  opinion  is  decidedly  optimiatiCp  in  that  the  general  failure 
of  tin-eovered  shutters  in  Baltimore  is  largely  attributed  to 
I  improjier  hanging,  and  to  expo.sure  on  both  sides.  The  former 
fault  is  easily  rectitied,  but  the  latter  conditicin  cannot  be  dis- 
regardt^fl  until  firt^-resistive  construction  is  far  more  general  than 
is  indicated  by  any  pix^went  prospects.  The  great  weakness  tif 
a  tin-clad  shutter  Wch  in  the  burning  out  of  its  wood  core,  thus 
destroying  its  strength  and  rigidity,  and  in  the  Inirsting  of  the 
tin  covering  under  the  action  of  tlie  gases  generated  by  the 
oombustioQ  of  the  wood. 

One  of  the  great  lessons  that  1  brought  away  from  the 
Baltimore  fire  was  that  our  standard  tin  caviritu^  fur  the  unrier- 
writer's  shutter  is  all  right,  and  that  this  covering  material  ha.s 
sufficient  power  of  n-si-stance  to  withstand  tlie  fiercet^t  Iieat  of  a 
great  conflagration,  Imt  that  we  do  neixl  to 'find  some  better 
material  than  pine  wood  to  fill  it  with.  ,  ,  .  The  standard 
underwriter's  shutter  of  wood  covered  with  tin  did  not  gi\'e  a 
very  good  account  of  itself  in  the  Baltimore  fire,  and  I  think  it 
can  be  said,  without  fear  of  serious  contradiction,  that  the  en- 

♦  Croiby  and  Fiske's  "  Handbook  of  Fire  Protectioa  for  Improved  Hieka.*! 
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durance  of  the  ordinary  underwriter's  shutter  of  tin-clad  wood 
is  limited  to  not  more  than  about  half  an  hour's  endurance  of  a 
temperature  of  1500  degrees,  and  that  this  limit  is  often  passed 
in  the  heat  of  an  ordinary  conflagration.  .  .  .  Although  the 
present  shutter  and  the  present  approved  form  of  fire  door  are 
all  right  nine-tenths  of  the  time,  and  perhaps  nineteen-twenti- 
eths  of  the  time,  they  are  not  all  that  we  need  in  a  great  con- 
flagration.* 

A  great  many  non-standard  tin-covered  shutters  were  used  in 
San  Francisco,  "and  anybody  who  visited  that  city  shortly 
after  the  catastrophe  and  saw  the  number  of  walls  with  shutters 
hanging  up  in  place  with  the  sheets  of  tin  fluttering  like  leaves 
on  a  tree,  must  have  been  impressed  with  the  fact  that  they 
were  not  of  much  value,  "t  A  typical  example  of  the  failure  of 
tin-covered  shutters  in  the  San  Francisco  conflagration  is  shown 
in  Fig.  115. 

The  test  of  a  tin-covered  door  made  by  the  British  Fire  Pre- 
vention Committee  is  described  under  later  paragraph  "Tin- 
covered  Doors." 

Advantages  and  Disadvantages  of.  —  Advantages  include  cheap- 
ness,— general  availability  according  to  standard  requirements — 
and  usual  efficiency  because  both  good  workmanship  and  proper 
application  are  now  well  understood. 

Disadvantages  include  deterioration  under  action  of  weather, 
and  the  rotting  of  the  concealed  wood  core,  —  cost  and  uncer- 
tainty of  proper  maintenance  owing  to  such  deterioration,  — 
and  appearance.     See  also  "Shutters  vs.  Wire  Glass  Windows." 

Sheet-Iron  Shutters  were  one  of  the  earliest  types  of  sup- 
posedly efficient  window  protections.  While  still  employed  to 
a  limited  extent,  and  recognized  by  the  National  Board  of  Fire 
Underwriters  in  their  standard  requirements  for  fire  shutters,  it 
will  be  found  that  a  great  majority  of  those  at  present  in  service 
were  installed  at  some  date  when  incombustibility  and  fire- 
resistance  were  supposed  to  be  synonymous  —  in  other  words, 
before  anything  very  much  better  was  known. 

The  principal  standard  requirements  as  to  construction  are 
as  follows: 

(a)  To  be  made  of  No.  14  gauge  sheet-iron  or  steel  and  so 
as  to  lap  the  wall  at  least  1^  inches  all  around.  The  bottom  of 
the  shutter  to  fit  the  sill  closely  if  it  is  not  practical  to  lap  it. 

•  From  address  of  Mr.  John  R.  Freeman  at  the  annual  banquet  of  the 
National  Board  of  Fire  Underwriters,  May,  1904. 

/  1911  Proceedings  National  Fire  Protection  Association,  page  56. 
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Fiti.    115.  — ^  Tia-uovt red  ShuLttr^j  in  San  Fraucisco  ConBogratloD. 
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{It)  Frtmioft  to  he  of  I}-  hy  l-'mch  angle  iron  with  not  less 
than  two  cross  Imrs  fjf  tlie  i^miw  nxateriiij.  »Shutli^r«  ovpr  six 
fei't  in  hfigl]!.  to  liave  ptobs  bum  not  excwnlinK  tvv^o  fcM't  apart, 
I'rame  to  en  tor  wall  opcMiing  vvfien  wliuttcr  is  vlo^oiL 

Continuoiia  welded  frames  and  rToH«  harn  of  H-  by  J-inch 
iron  are  often  used,  !jut  ufp  iiol  coiisirlen^l  thp  full  (Hjtiiv^alent 
of  the  anKK>-n*t>n  frame.  The  vveldetl  frame  In  often  necesr^ary 
when  folding  shutters  are  used. 


Fjo.    HS.  — ^"Saino"  CtirrugaU'd-Inm  Firt  ShuHor. 

EJficienf'f/:  Fire  Tests.  —  While  BhfH't-iron  .HhutterH  have  per^ 
ff untied  f^ood  service  in  many  fires  under  moderate  test,  they  are 
not  ilependahle  under  eonditions  tit  all  severe.  The  test  of  ii 
Bijeet'iron  fioor  (practienlly  (lie  equivalent  of  a  Khe*»t-iron  shtitt^^r^ 
made  by  the  British  Fire  Prevention  Committee,  is  deieribed 
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under  Liter  paragraph  ''Sheet*irc3n  Dixirs/'  while  the  warping  c 
surh  shutters  unJer  oonflsnEration  conditions   Ls   iUustrtited 
Figs,  lit)  and  117  which  show  the  alley  eJevaiif»ns  of  two  huUi 
ing^  after  the  Sao  Francisco  fire.     See   also   "Inside  Foldini 
Shuttere,** 

Admntoffes  and  lH9adMnniaf/€S  of,  —  AdvanUigrs  include  xm 
duniiioe  under  wear  and  tear  and  exposure  to  we^ither,  and  1 
proved  appearance  over  lin-eo\^-*re*J  shutters. 

Dtsadvantag^  include  difficulty  of  obtaining  standar<J  coq| 
struct  ion  and  hanging,  expansion  and  warping  under  severe  hei 
radiation  of  heat,  excessive  weight,  thiu^  making  closing  ma 
difficult  and  hence  less  likely,  and  increased  cost  over  tin-cov 
shuttt'Ts, 

Corrufta tod-Iron    Shutters.  —  Very    effieient    corrugate 
iron  sliu Iters  made  by  the  Saino  Fire  Door  and  Shutter  Coa 
pany»   Memphis,  Tennessee^  are  largely  \ised   lociJly  and 
highly  spoken  of  by  officers  of  tlie  Memphis  Fire  Departmea 
They  are  made  of  Xo.  22  gaugr  comigateii  galvanized  ste 
tlie  2|-inrh  corru^tiocis  of  the  outer  plates  running  liorizDnti 
(thu;?  giving  the  apjie&rance  of  any  oniinary  wooti  slatted  bUndj 
while  the  eomigsuioiis  ol  the  umer  sheets  aie  verticaL     A  i 
of  1 2-pound  asbestos  is  placed  between.     The  g:eaeral  app 
atice  of  these  shuttei^  is  Qlustrated  in  Fig,  IIS^  while  tlie  stiFfl^ 
iiig  ril»  which  IS  placed  along  all  of  the  long  eilges  of  the  sbuLU 
is  shown  at  one-fourth  siie  in  Fig,  HU.      The  pin  sliown 
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Pro.  llfi— DkM^of '*Saino"  FiivSluitter. 

jeeling  throueh  the  Gutter  in  Fig.  11$  is  attached  to  the  in 
kldi,  so  ilisA  the  $hutteis  may  be  opened  frotn  the  outside  I 
firemaii^  pike  polo. 

InnliB  Iniii  FIoMIds  Sli«tl«rs«  fike  oiit.<i<le  sheet-iron  am 
tcra.  aie  now  seldom  ustd.  They  wtre  frequently  installed  | 
tlie  eiflier  tvp^  (jf  so^sdled  firefwoof  buildiogs,  but  they  p( 
Ui^  aaine  disadv^anta^es  as  the  oufeade  shutters^  with  the  fy 
objection  tiiat  u^efrhandise  is  liable  to  be  ao  placed  as  to  ] 
Uieir  dosiog.  When  m9«)e  tw  foW  htttk  into  pockets  or 
ill  lie  window  jambs,  Uus  obieetaHi  may  be  overcome  (exct^plj 
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in  Htfirago  lniiMirT|^  atul  the  likv}^  \mi  KUt'h  arrangement  requires 
thicker  walls  thtiri  are  now  usuaL  The  proper  design  and  hang- 
ing vilally  affw  t  the  effii-iency, 

Effinvtinj  of  fmidc  Shulfers.  —  In  tJie  Baltimore  fire  the  one- 
story  iSafe  Depnfcsit  and  TriLsl  Company  8  Onillinij;  had  its  win- 
dows protected  by  cast-irnn  franiej>  iind  by  inside  folding  ^htiltera 
inado  of  J-inch  pkle  with  1-inrIi  by  {-inch  flat  battens  around 
the  edges.  In  sfiite  of  ii  ^ovvra  exposure  on  one  hide^  owing  to 
the  burning  of  tiie  "8uii"  Bnitdiiig  atToss  a  teri-foct  alleys  these 
elnittcTs  foniied  ofTteicnt  protection.  This  was  made  possible 
throngh  tlie  fact  that  no  combustible  material  wil^i  near  them  on 
the  inside  of  building. 

In  commenting  on  tliis,  IMr.  Freeman  coni^idera  that  the  favor* 
able  result  wa.s  due  to  the  fact  that  the  shutters  were  free  from 
.ribs  (which  are  reciuired  in  tlio  National  Jioard  rules),  and  that 
they  were  so  set  in  iron  frames  as  to  permit  free  expansion  with- 
out opr^nlng  up  rracks. 

The  record  of  inside  folding  shutters  in  the  San  Francisco 
conflagration  has  been  previously  mentioned  (see  report  of  Mr.  S. 
Albert  Reed,  page  424).  The  Unit^i  8tat(>«  Mint^  however, 
vvliich  Mr.  Reed  mcntion^s  as  an  example  showing  the  efficiency 
of  inside  folding  shutters^  was  principally  saved  through  the 
effoi'ts  of  employees  in  usinp;  hre  hoiic  and  pumps^  connected  to 
an  artr.^iiun  well. 

Cireat  impro\'ement  is  poissilde  along  the  line  of  efficient  inside 
folding  sti utter  protection. 

Steel  Rolling  Fire  Shutters  arc  placwl  either  on  the  outside 
of  window  openings,  or  in  the  window  ircveals  immediately  in 
front  of  the  window  framets  and  sash.  The  operation  of  such 
shutters  may  be  manual,  chain-hoist^  automatic,  or  a  combina- 
ti*>n  of  these  operations. 

Rofling  Shnfffrs  In  Wall  Rercfils  may  be  an'anged  as  shown  in 
Fi^.  120.  The  operating  hand  chain  hangs  down  at  one  jamb 
between  the  inside  of  shutter  and  the  window.  Thus  no  operat- 
ing parts  are  inside  the  huiltjing. 

If  d(«ired,  the  window  head  may  be  arrangetl  to  conceal  the 
coil,  as  shown  in  Fig.  121.  Medium-sissed  shutters  may  be 
operated  manually,  or  shutters  for  large  openings  may  he  ar-  ' 
ranged  with  a  chain  hoist,  in  which  case  the  chain  and  sprocket 
wheel  are  placed  on  the  trim  at  one  silIc  of  the  opening,  being 
coiUiceted  to  the  shutter  coil  by  means  of  bevel  gearing  in  the 
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pallet 


head  space.     In  such  eons  true  lions  the  head  t-asing  or  panel 
must  be  removable  to  peroiit  accetia  to  the  coiL 


FiQ,   120.  —  Hteel  Rolling  HhuUcr  in 
Wall  lie  veal. 


Fj  g,   121.  —  Stwl     Roll  ftig    gfautter 
with  Comrealcdj  Coil. 


Outside  rolling  shutters  may  be  arranged  to  operate  manually^ 
in  which  case  the  opening  and  closing  is  effected  through  the  use 
of  a  removable  crank  applied  on  the  inside  of  wall,  —  or  by  means 
of  a  chain  hoist,  in  whieh  case  an  inside  chain  hoist,  similar  to 
that  whown  in  Fig.  121,  is  connected  with  a  bevel  gear  and  a  rod 
nxnninj?  through  the  wall,  at  one  end  of  the  top  coil,  —  or  they 
may  operate  automatically. 

Automafic  rolling  ahuiters  arf*  the  only  type  of  Rtoel  rolling 
shutters  appro  veil  by  tlie  I'nderwriters'  Laboratories,  Inc.  for 
use  in  window  openings.  The  ** Abacus  No.  4/'  manufactured 
by  the  Kinnear   Manufacturing  Company,   is    approved 


ved   for     I 


an  inBtallation  of  such  shuttera  in  the  light  court  tjf  the 

Exchange  Bank  Building,  t'hicago,  is  shown  in  Fig,  123. 

be  8h utter  is  made  to  overlap  the  window  opening  at  sides 

top,  traveling  in  side  grooves  which  are  applied  to  the  face 
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of  wall.     Thn  curtiiin  i-^  nomposml  iif  interlocking  slats  made  of 
No.  22  U.  S.  f^iin^o  j?:Llv:iiii>!CNl  steoL     The  niil  is  firotpetod  Ijy 


1 


Hi 

liiiifli^ , 

iin  no  ssi 

mi 
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FiO.   123.  ■ —  LjkI'L  Luuri  ut  Ccini  Exclmtige  Duuk  Uiuliijug^  CJiimtjo. 

a  galvtiTiizt'd  t^Uio]  Jiood,  and  the  autimiatic  release  by  a  cast- 
iron  tiLJU-siiiy;  placed  at  end  of  liood. 

In  the  United  States  Appraisers'  Warehouse  in  New  York  City 
tiic  windon's  of  one  important  story  are  provided  with  rolling 


Fio.  124.  - 


i 


-  Pacific  States  TcL  k  TeL  CaJs  Building,  San  Francisco 
ConflaKTation. 


in  this  chapter,  show  conckisively  that  auch  eonBtructums  possesa 
a  very  liigh  degree  of  fire-resistance^  and  also  that  the  riidiation 
of  heat  through  the  eurtains  is  not  as  great  as  would  naturally 
be  expected^  Also,  the  numerous  tests  of  steel  rolling  shutters 
and  doorg  afforded  by  the  8ari  Franciseo  fire  cgnstitutc  a  dc^ikkai 
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1 


reccjininoiKJaljoti  for  thin  mcjinw  of  pmtecting  wincluw  and  door 
openings. 

The  case  rjf  the  PLiRifie  Stat  oh  T(*lo[>hotie  and  Telegraph  Com- 
pany'h  BtiildiiiK  ^^i^  been  previou.'^ly  mentioned  (see  report  of 
Mr.  S.  AlboH  Reed,  page  424 }.  This  buiiding,  shown  in  Fig.  124, 
had  all  openings  on  tlie  front  elevation  fitted  with  wood  and 
plate  ghiss  windows,  protected  by  Kinnear  rolling  shutters.  All 
other  openings  in  the  building,  save  one,  were  protected  by  wire 
gljiss  \viruiow8  and  sliding  tin-eovered  shutters.     Had  not  ono 


lio.  125. 


-Second  Floor  Interior  of  Pacitic  States  Tel.  dc  TcL  Co, "a  Buildiog 
after  Han  Francisco  Conflagmtion. 


Opening  been  unprotected,  —  viz.f  a  large  rear  dijor  at  the  south- 
west comer,  —  it  is  probable  that  this  building  would  have  es^ 
caped  without  damage.  As  it  was^  almost  the  entire  damage 
resulted  frtjm  the  interior  fire  which  was  so  severe,  due  to  the 
burning  of  insulated  wire  and  other  supplies,  as  to  melt  glasa 
and  weld  nails.  In  spite  of  this^  the  rolling  t^huttera  were  not 
materially  damaged,  and  were  re-used  witb  the  exception  of 
one  shutter.  They  were  intended  to  protect  the  ext,erior  against 
exposure  llre^  but  incidentally  they  amply  p^o^x^d  their  efficiency 
and  value  by  protecting  tlic  fuc;ade  from  the  fire  within.  The 
experience  in  the  Baltimore  buildings  showed  how  serious  this 


damiige  mi|^ht  hiive  lipcn,  espcMrially  around  win<i<iw  tiiK'niiigs. 
Fig.  12^5  shows  the  conditions  on  the  iiitt-rior  uf  the  socoinl  flonr. 
The  oponini^s  at  llio  hottoiTis  of  tho  nh utters  were  cauised  by  the 

P burning  out  of  the  wooden  winvlow  siUs, 
Advaninges  ami  DUadvankige^,  —  Rolling  shutters,  whether 
open  or  closed,  form  the  letist  objertionably  iippearing  type  of 
shutter  protertion  for  windows*  ludiXAl  they  Iiavc  bwn  adaptf^d 
to  many  bnildings  of  even  nionuniontftl  appeiiranee,  such  as^  for 
instance,  the  Pacific  Mutual  Life  Building,  at  Los  Angeles.  Cab 
For  the  l>ctter  class  of  Imilclings  the  writer  brlicvOH  that  their  use 
phcHiId  decidedly  be  encouniged,  lus  the  prcf^^ding  instances  show- 
that  (hey  arc  ctitircly  adi^ejuate  ft^r  all  ordinary  exposure  testes, 
'or  severe  conditions^  open  sprinklers  placed  in  front  of  shutters 
wall  reveals  should  answer  all  requirements. 
Disadvantages  include  deterioration  under  exposure  to 
eather,  re^iuiring  constant  maint<^nance  Uj  insure  absence 
'rom  rusting  an<j  consequent  inoperation,  —  the  fact  that  pro- 
cted  hose  holes  are  not  possible,  but  that  the  shutter  must  be 
•aised  to  be  uwed  by  firemen  when  working  behind  same, — and 
le  radiation  of  heat  under  very  near  or  very  severe  exposure. 


I 
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FlRE-RESIKTINCi    WINDOWS 

Types  of.  —  If  the  exposure  is  not  severe  enough  to  require 
the  use  of  hinged  or  rolling  shutters,  or  if  the  appearance  of 
fihutt-ers  is  objected  to,  thcHi  recourse  may  be  had  to  a  less  efhcient 
construction,  l>ut  one  of  more  pleading  appearance,  namely,  metal 
or  metal-covered  frames  in  combination  with  wire,  prism  or  elec- 
tro-glazed glas^H.  The  more  ordinar}^  tjpes  of  this  nature  may 
be  divided  into  hollow  sheet-metal,  kalamine,  east-  or  wrought- 
iron,  and  drawn-  or  cast-bronze.  In  all  of  these  constructions, 
if  used  without  additional  outside  or  inside  shutters,  it  must  be 
remembered  that  the  glass  employed  within  the  sa^h,  whether 
plate,  wire,  prism  or  electro-glazed,  will  still  permit  the  passage 
of  radiate*  1  heat  through  the  openings.  Hence,  if  there  are  no 
means  of  coping  with  numerous  window  fires,  or,  if  the  exposure 
Is  ^'ery  near  or  very  severe,  these  types  are  not  to  be  recom- 
njcHided,  unless  used  in-  votubination  with  shutters,  or  outside 
sprinklers,  or  both. 

Prospective  users  should  first  ascertain  from  the  underwriters 
having  jurisdiction  which  type,  if  any,  of  wire  glass  windows 
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will  be  iirceptpd  in  ilw.  InctiUon  dosirt^d/anfl  .should  make  con- 
tnictH  .siilijef't  to  approval  liy  them  of  tlie  instiillatifm,  glazing, 
and  automalk-  Mttiidiriienl.s, 

Hollow  Sheet-Metal  Windows.  —  Hollow  Hbecl-rnctal  win- 
dow frames  and  sash  in  combination  with  wire  glass  comprise  by 
far  the  g^eal.o^^t.  percentage  nf  fi re-resist inti:  windows  now  in  use* 
They  also  (xmwtitutc  one  of  the  best  typva  of  tnoderate  cost  in 
common  practice,  as  great  improveinonts  liave  bcfMi  matle  during 
re<^ent  years^  both  in  design  and  in  maniifaeturc,  owing  partly 
to  the  reeomniendations  and  standardization  of  the  National 
Fire  Protection  Association,  and  partly  to  the  tests  and  labeling 
system  of  the  Underwriters'  Laboratories.     The  <'Xtcnt  of  thtnr 

use  ia  indicated  by  the  fact 
that  67  raanufacturerSj  covering 
22  distinct  tyjx^  of  window??, 
have  each  had  from  one  to  18 
types  approved  by  the  Labor a- 
torir'S. 

JIoll[i\T-mctaI  windows  are 
rna^ie  of  gal vani zed-iron  or  coj>- 
per,  or  sometimes  of  copper  or 
bronao-plated  sheet  metal.  Tim 
lights  are  of  wire  glairs,  either 
plate  or  maze  where  light  and 
appearance  are  essential  con- 
siderations, or  rough  or  ribbed 
wire  glass  where  it  is  desired  to 
secm-e  light  without  the  distrac- 
tion to  the  operatives  of  faetr>- 
TWBf  etc.,  from  outsitle  sights. 
The  details  of  construction  of 
such  frames  and  sash,  and  the 
maximum  permissible  sizes  of 
glass  openings,  are  all  fixe  J 
within  certain  limits  by  the 
rule.s  and  rcgnlations  of  the 
National  Board  of  Fire  irnder- 
WTiters,  which  may  be  obtained  on  requeist.  The  principal 
regulations  are  u^  follows : 

Alaximum   Size-  of  Frame.  —  Metal  frame  containing  the 
s^zsh  or  glass  not  to  exceed  5  feet  by  9  feet  between  supports. 


FiQ.  126.  —  Douhlo-huHR  Hollow 
Shoet-xxietiil  TfViudowa. 


Thf*  alaovc  sizfi   is  dosigneil   to  take  the  maximum  gla 
sizes  with  allowance  for  the  metiii  parts  and  is  us  larg*^  a8  can 
saft^ly  be  jXTmitted. 

*Sizt'  Iff  r//u,s,v,  —  (ti)  The  unsupported  surface  of  the  glass 
allowed  1  shall  be  govemM  by  thp  severity  uf  exposure  and  F)e 
detc?nnine(l  in  Oiieh  fase  by  the  Underwriters  having  J uria<li(!- 
tion,  Init  in  no  rruse  shall  it  l>t'  more  than  18  inches  in  either 
dimens^ion  or  exceed  7211  square  inches. 

ih)  Tiie  gLi-sH  to  i>e  of  nxwh  dimeikiioriB,  after  selvage  is 
removedp  that  tlie  bearhig  in  the  groove  cir  rabbet  is  not  less 
than  |-inch. 

Matenat.  —  (a)  To  be  of  ni  least  No.  24  gauge  galvanized- 
iron  and  of  a  quality  soft  ctioiigh  ti>  jxtrmit  all  necessary  bending 
wdthtnit  breakage.  The  galvanizing  not  to  flake  or  breiik  biidly 
in  bending. 

This  applie.s  to  all  parts  of  the  frame  and  snsh. 

Experience  has  demonstrated  that  a  nietal  too  light  to 
insure  a  sulsiHtiintial  and  durable  frame  is  liable  to  he  used,  par- 
ticularly in  the  larger  fnuiKAS. 

(b)  To  he  of  2fKounee  copper  or  heavier  where  copper 
frames  or  siush  are  used. 

Tlie  copper  frame  is  not  considered  the  full  equivalent  of 
iJie  iirin  frame  as  a  firt^retardant  on  account  of  the  compara- 
tively low  fusing  point  of  copper.  In  localities  subject  to 
unusually  corra«3ive  atmospheric  influences  and  where  galvanizeil- 
inin  will  rust  out  rapidly,  the  copper  frame  may  be  reeonunendcil 
providing  the  exposure  is  not  extreme.  The  copper  frames 
shfMild  not  be  use<l  in  elevator  shafts,  ventilators,  partitions  or 
where  liable  to  be  subjected  to  intense  internal  fires. 

Various  types  of  hollow-metal  windows  include  aaah  arranged 
as  follows: 

StfjlionQT[/,  — •  Hinged  ui)f>er,  stationary  lov/er.     Also  with  sta- 
tionary, pivoted  or  hingt^cl  tiansom. 

CfJiiemenL  — Double  hung.     Also  with  stationary^  hinged  or 
pivoted  transom. 

Pivoted.   -  Single  sash,  top  and  Jjottom  pivots. 
I'pjK'r  and  lower  sashcj?  pivoted. 
Upper  .sash  side  piv^oted,  lower  sash  stationary'. 
Lower  sash  side  pivoted,  upper  sash  stationary. 
Pivoted  middle  sash,  upper  and  lower  st at ionarj'. 
irpper,  middle  and  lower  sashes  pivoted. 
Pivoted  upper,  two  lower  stationar>^ 
Pivoted  tipper  and  lower^  middle  stationary. 
Comhination.  — Pivotal  upper  sash,  double  hung  lower  saah. 
"  Tufin  ' '  ar  Double  Windows.  —  tSee  later paragrapli  ''Double- 
glazed  iSash/' 

A  double-hung  sheet-metal  \^indow,  made  by  S.  H.  Pomeroy 
Company,  Inc.,  i.s  illustrated  in  Fig.  126. 
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The  principal  rliaadvantage  pertain  ing  to  sheet-metal  windows j 
i.s  their  rapid  ileterinratifjn  under  negloet. 

Kalaiiilni'  Windows-  — -  Ksvlamine  window  frames  and  sashil 
or  sliCf't  rnoliil  ovc^r  wood  nores,  are  prinfipally  iLsed  for  light 
exposures  wliere  the  danger  from  flying  sptirkfl  m  intended  to 
be  guarded  against,  rather  than  where  any  direct  exposure  is  to 
be  met*     Tliey  are  non-eorjjbu.stible  rather  than  fire-re^isfcmg. 


Fio.   126A.  —  Section  and  Plan  of  Kalamine  Window, 


The  lights  are  usually  of  plate  glass,  ej^pecially  if  kalamine  trim 
k  used  Kiniply  to  cover  the  law  in  those  cities  where  non-com- 
hustible  windows  and  doors,  etc.,  are  required  in  buildings  of  a 
certain  class  or  of  a  height  above  fixed  limits.  Previous  mention 
hujs  been  made  of  their  efficiency  as  demonstrated  in  the  burning 
of  the  Kohl  BuildinEj  in  8an  Franeisco,  antl  their  vahie,  even  as 
a  sub-standard  protection,  has  been  pointed  out;  but  for  efficient 
^v-rej^tstunce,  Jvalajuiiie  wiudowa,  espetually,  arc  an  unknown 
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quantity^  as  the  resistance  offered  by  the  lighter  members,  such 
as  Sfush  TiiiU,  is  questionable. 

Sueli  frames^  anil  aanli  are  nmde  of  wtcelt  gulvanixod-irim  or 
copper,  aiul  tlie  better  examples  of  the  work  presf^nt  pleasing 
workmanship  and  finish*  If  some  t'cmiposition  eoultl  be  used 
for  the  body  insU>ad  ^tt  wood,  witlioul  prniUjciiig  fhemiral  aetion 
harmful  to  the  metul,  a  superior  type  of  kalamine  work  would 
result  which  would  be  of  great  value. 

Fig.  12(3 A  illustrates  section  and  plan  of  a  kalamine  window  as 
made  by  the  Thorp  Fireproof  Door  Company,  Minneap<jh«y 
Minn. 

Wrought-  and  Cast-iron  Windows.  —  Wroughl-iron  frames 
can  be  used  to  advantage  in  lof':ditie,s  rsufijpct  to  severe  expo.'Hure 
or  to  unusually  corrosive  titinosplierie  eontiltion^t^  altliongh  their 
use  m  not  limitetl  to  such  locations.  The  pivoted  sash  and 
fitutionarj''  window  seem  to  be  best  adapted  for  use  with  such 
frajjies,  but  the  specifications  may  Ije  applieti  to  other  forms  in 
all  essential  points. 
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Size  of  Glass.  —  (a)  The  unsupported  surface  of  the  j^lasa 
illowed  shall  be  governed  by  tlie  severity  of  exposure  an<i  be 
detcmiined  in  each  ease  liy  tlie  Undenvrilers  having  jurisdic- 
tion, Ijut  in  no  ciise  shall  it  he  more  than  48  inches  in  either 
dimension  or  exeeed  720  square  inches, 

(b)  The  glass  to  he  of  such  diziiensions,  aft«*r  s(^lvage  is 
removed p  tliat  the  hearing  in  the  groove  or  rabbet  is  not  less 
than  f  inch. 

(c)  The  glass  to  be  retained  bj^  the  structural  prirt  of  the 
frame  or  sash  independently  of  the  material  which  may  be 
nsrtl  for  weatherpi-oof  purposes.  Only  non-inflummable  mate- 
rial to  be  used  in  setting  glass  in  the  sash. 

Frame^, —  (a)  To  t>e  made  of  3^-  by  g-inch  flat  iron, 
welded  so  as  to  be  continuous,  or  fastened  at  the  comers  with 
suitable  angles  securel^-^  riveted  on  outside  of  the  frame* 

(b)  To  be  set  next  to  the  niaf*unr>'  and  anchored  to  the 
wall  by  2-  by  |-inch  anchor  irons  securely  riveted  to  the  frame 
and  bent  so  as  to  enter  the  wall. 

iSfiish.  — To  be  made  of  H-  by  IJ-  by  }-ineh  angle  iron. 
The  rails  and  stdes  to  be  welded  togf»ther  at  the  corners  so  as  to 
be  continuous, 

MHtUiH.^.  —  To  lie  of  l]--  by  IJ-  by  J-ineh  tee  iron  welder  I 
to  each  other  at  each  intersection  antl  also  to  the  st  iles  and  rails 
so  as  to  form  proper  rabbets  for  the  glass. 

Stopn.  —  Inside  :mgles  holding  the  glass  in  the  frame  to 
be  of  1-  by  1-  by  J-ineli  angle  iron  fasteneil  with  bolts  bo  that  they 
can  be  removed  for  reglaziug. 
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Civsonjont  windows  mufle  of  esippcially  rolled  wrought-imn 
sections,  [in  illustrated  in  ChapttT  XXI V,  are  quite  frequently 
used  in  En^rlaiid  and  in  i^luropean  praf'tire,  but  ha\^e  never  b<?en 
intro<lunpii  to  an^^  great  extent  in  tldw  country  except  in  resi- 


Fig.  127*  ^Caat-lron  Eatrance  Screen,  Feim^lvaiiioi  H&ilroad  Station,  N.  Y. 


dences.  The  nearest  comparable  type  is  the  window  made  i 
rolled  steel  i^ections,  witli  pivoted  siish,  usnally  limited  to  factor 
!)uildings,  etc.,  us  described  under  the  "Fenestni"  and  ** Unite 
Steel  '*  systems,  etc.,  in  Chapter  XXV. 


-RESIHTING 


AND    DOOliS 


fast-iron  Jrames  ajid  mtih,  when  iiHpd  in  crmihitiatioii  with  wire 
s,  will  insure  a  ponHlnicliuii  ha  rhtmmglily  fire- resisting  as 
pri>l!!il>ly  l>o  deviser  I  with  the  uho  of  gi&ss.     An  extensive 


Via.   us. 


Drawn-lifonzi?  Wiii'iow,  Boston  Art  ^Itisouni. 


Belt!  for  rast-imn  window  construction  Ika^s  been  developml   in 

J^ie  modern  design  ttf  power  hourfe«^  ete.,  where  large  and  h'if£,U 

rindow   art'tks  are  needed  for  light  antl   ventilation.     In  aueli 

ses,  groups  of  sash  are  connected  by  a  system  of  verticul  and 


horizontal  operating;  rods  which  rniiy  *?a^ily  he  etirilrolled  from 
the  floor  level.  A  typical  arrangement  of  this  eharacter,  but 
without  wire  gljuss,  is  illustrated  in  Fig*  127  which  shows  an 
entrance  screen  at  the  new  Pennsylvania  Railroad  station,  New 
York. 


Fig.  120.  — DrawE-broDae  Su-^h,  Grand  Central  Slalioii  Bujldintj„N.  T, 


Drawn-bronze  Windows.  —  For  v;vst  or  imposing  fire-re- 
BistinK  build iniJ^s,  where  appearance  is  an  ess<?ntial  consideration^ 
nothing  better  am  be  used  (either  from  the  standpoint  of  finish 
lor  efficiency)  than  draTtvn -bronze  sections  for  window  frames  and 
gash.  Such  open  or  closed  sections  as  the  architect  may  desire 
for  frames  orsasli  (but  without  ornamentation)  are  ^' drawn"  out 
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of shept  brass  or  l>ronx«'  l«y  pulling,  un  a  ''<lni\v  hoiifh/'  Hie  plafea 
of  the  required  periirirttM'  tliroti^h  o.spcH'iiilly  made  dicn  of  the 
necessary  shapf^.  Closerl  aectioDs,  sui'h  hh  the  mish  memiM^rKp 
are  made  Reiimleas  by  bmzinpj  the  jomts  before*  ''drawing/' 
i\.  VIS  jMustmtes  a  typical 
dmwn-bronze  window  as  used 
in  the  B^jsron  Art  Museum, 
Mr,  Guy  Lowell,  tirchitetL 
Drawai-bronxe  s:i>>li  may  :ds<> 

/>e  used   in    cnmbination    with 

rist-  or  wrought-iron   fnunt^, 

rtc.     Thus  Yii^.   129  illuwlratc^s 

a  portion   of   the  new  (Jrand 

Central  Station  Building,  New 


York,  Warren  and  Wet  more, 
arnliitects,  in  which  the  sash, 
stop  beads,  ete,,  are  of  drawn^ 
bronze^  while  the  frames,  raul- 
lions,  facias,  ete,,  are  of  cast,- 
iion.  A  detail  of  the  frame 
and  snnh  is  indieattid  in  Fig. 
130. 

Automatically  Closing 
Windows.  —  8ush  so  arranged 
aa  to  close  automatically  and 
lock  luvder  fire  by  tlie  fusing  of 
a  link  or  other  means  to  aceom- 
pliah  the  same  result,  should  be 
providf^d  when  the  conditions 
warrant.  This  to  be  deter- 
mined by  tlic!  Underwritera 
having  jurisdiction. 

The  fusible  device  should  be 

outside  of  the  window  when  it 

is  open  and  in  position  t^>  receive  the  direct  heat  from  exposing 

fire.      Attaehriienta  for  opening  or  holding  the  window  open 


Fio. 


131.  —  Automaii pally    Closing 
Sbeel-metat  Wiiitlww. 
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Bhould  nut  inltTferc  with  tliR  artioii  of  tlio  automatic  device  i 
prevent  tiro  sasli  from  closing. 

Fig.  131  illustrator  a  winciuw  maclo  by  8.  H.  Ponioroy  Corn 
panyj  Inc.^  with  pivotod  iipix^r  urn  I  lower  83  ush,  arraiigetl  to  do 
aiituiuatifally  liy  thc^  rolojvse  ot  fiisi[>lo  links. 

MuUioned  Windows.  —  The  oonatruction  of  muUioned " 
fibeet-nietiil  windows  has  paswtHl  tli rough  various  stages  of  de- 
velopmont,  all  for  tho  hotter.  First,  tlio  uuillion  was  built  of 
hollow  sheet-uiotal  similar  to  the  rnuthou  in  an  ordinary  wooden 
window.  Second,  to  reinforce  this  construetion^  ateel  stnietund 
shapes,  such  as  teeH,  ehanneb  or  boains,  were  placfMl  witliin  the 
mullions  for  abided  alrength  and  s^tiffness.  Third,  and  aa  at 
present  eallwi  for  by  the  rule^  of  the  National  Board  of  Fire 
Underwriters^  ail  windows  exceeding  5  feet  by  9  feet  in  size  (the 
limiting  dimensions  for  single  windows),  are  divided  by  rnulliona 
into  arejis  not  excernling  the  aforosfiid  limit,  and  such  mullions 
are  reinforced  by  I-beams  properly  fi reproofed. 

I-beams  to  be  securely  f:uston<xl  iulo  tlio  liricliwork,  pro] 
allowance  being  made  for  expansion  o^the  beams  when  heated 

In  new  buildings  the  reinforcing  members  should  be  ii> 
Btalled  tin  the  buddiug  is  erected. 

The  depth  of  the  I -beam  to  bo  not  less  than  5  inches. 
This  should  be  increased  where  the  openings  are  in  oxr^f^t^s  o( 
9  feet. 

l~beam  t^j  be  provided  with  at  least  2  inches  of  tile,  con- 
cretje  or  other  appro vofl  material  on  tho  flanges  and  at  leu>!t  2^ 
inches  next  to  the  web.  The  amount  of  iireproofing  next  to 
the  w^eb  should  be  incrcixsi^l  on  Ijirge  l>oain8. 

Metal  frames  to  be  securely  attached  to  the  reinforcing 
members. 

In  most  cases  the  reinforcing  meml>ers  should  he  thor- 
oughly enclosed  Ijy  the  metal  parts  of  tho  frames,  care  being 
taken  to  rivet  or  otlierwise  fasten  the  parts  at  points  of  junc- 
tion so  as  to  ri^sist  hro.  Purely  oniainonlal  |);irfs  jna^^  be  fas- 
tened Ijy  soldering. 

In  view  of  the  experience  gained  in  the  Baltimore  and  San 
Francisco  conflagration.-^,  the  next  rational  stop  in  the  design  of 
muUioned  windows  will  be  to  discontinue  entirely  the  use 
of  metal  muUions  or  metal  in  inullions,  and  to  employ  onlj* 
itoUd  mtimnnj  m  nil  Urns:  ^  for  reasons  more  fully  explain  oil  in 
Chapter  XX- 

Wlre  Glsiss  In  Windows,  —  Thi^  difl'erent  kinds  and  patterns 
of  wire  glass,  available  sizes  and  thickaesscjs,  and  general  fire- 
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rrt^itrting  propertias  imve  been  dc8cril>etl  in  Cliapt/crr  VII   (see 
ptige  264). 

Wlien  used  in  window  construction,  the  rules  and  require- 
ments* of  the  Xational  Boanl  of  Fire  Uiidenvnter«  should  ha 
carefully  folio  wed.*  The  more  import  sin  t,  nili's  are  those  per- 
taining to  the  iiUownble  sizes  of  hKhis,  itnd  to  the  bearing  of 
lights  in  rabbets  or  stopsj  as  per  requirementw  a  and  b  on 
page  443, 

The  rmUtiiuui  of  hint  through  wire  ghuss,  and  the  possible 
danger  in  trim  or  contents  of  a  building  arising  therefrom,  are 
points  aliout  whicli  there  Ls  more  or  less  difference  of  opinion^ 
depending  upon  the  view-point-  Thus  it  i«  often  elainuHl  that 
firemen  or  occupants  frequently  phnx*  too  much  reliance  upon 
Wire  glass  windows,  which,  becaa^e  j^enerally  considered  fire- 
resjjstive,  are,  therefore,  thought  to  be  all  sufficient  in  c:use  of  ex- 

I  posure,  with  the  rt-Nuh  that  precautions  are  imi  taken  to  prevent 
Btrous  radiation  of  heat  through  the  panes.  An  example 
Hy  be  quoted  tif  a  fire  in  Boston,  191 1,  \diich  cost  the  insurance 
companies  §15,00()  for  water  damage  in  a  Itirge  department  store 
because^  a  win^  glass  windoWt  ovcrlookini^  an  exposure  fire,  was 

I  not  guarded  on  the  inside  hy  the  firemen.  A  wooden  partition 
very  near  the  window  caught  firo,  and  the  injudicious  use  of  the 
stand  pipe  hose  by  employees  caused  the  large  water  damiige 
previously  mentioned,  when  a  chemical  extinf?;uisher,  properly 
usotl,  woulil  have  sufficed. 

Also,  the  ratliation  of  heal  through  wire  ghiss  wintlows  may 
be  ver>'  c»bjpctionai>le  in  sprinklered  risks,  as  many  heads  might 
operate  Ix'fore  the  fire  tianger  wiLS  imminent.  On  tlic  other 
hand,  wire  glass  windows  have  formed  a  great  step  in  the  direc- 

[tion  of  universal  window  protection,  and  their  use  ahoukl  em- 

'  phatically  be'encourageiL  It  Is  probably  safe  to  say  that,  at 
least  in  a  greut  majority  of  cases  where  wire  glass  windows  are 
used,  radiant  heat  from  an  exposure  fire  neeri  not  be  given  serious 
consideration,  a.s  the  exposure  will  not  be  either  sufficiently  near 
or  sufficiently  severe. 

Both  tests  an<l  experience,  however^  have  demonstrated  that 

I  the  radiation  of  heat  through  ordinary  wire  glass  windows  may, 
under  conditions  of  sever(*  exposure  at  short  range,  be  sufficient 
io  ignite  cond>ustible  contents,  or  even  trim,  as  in  the  case  just 
cited.  In  the  tests  undertaken  b^^  the  British  Fire  Prevention 
*  See  pamphlet  "  Wired  Glaas/'  taBUied  graiiH  by  the  Boimi, 
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Committee,  dencribefl  imdiT  a  following  headiiig,  the  introductory 
notes  state  as  foUows: 

Red  Book,  jVo.  113.  —  The  test,  to  which  theao  protected 
windows  were  suhjected,  wa-s  more  sevc^re  tlian  would  ho  tho 
ciiH<^  in  an  actual  tim,  ns  windows  would  then  face  a  fire  burning 
in  the  open  mr  and  not  in  an  enclosed  chamlicr. 

The  radiation  of  h wit  through  the  wh utter  was  considertihle* 
The  thermometer  on  the  inside,  S|  TneheM  from  the  glass,  in  35 
minutes  registered  16(3°  h\  when  the  inside  temperature  was 
1240° R 

The  nidiation  of  heat  through  the  wired  plate  gla.ss  in 
the  teak  sash,  lus  registererl  hy  the  thermometer  su^pendefl  in  a 
tiorresponding  position  to  that  jJiTiviousiy  derseribeih  rt^iiehed  in 
55  minutes,  2(^0''  F.,  with  an  inside  temperature  of  1420°  F. 

Rfd  Boffkf  No.  I  Uk  —  Although  flame  did  not  pags 
through  the  glazing  in  5  out  of  the  t>  window  openings  under 
test,  the  radiation  of  heat  raised  the  temperature  on  the  .side 
opposite  to  the  fire  above  the  ignition  point  of  textiles,  suggest- 
ing the  provision  of  double  glazing  or  dotible  easements  or 
frames  in  positions  Hahle  to  be  exposed  to  fierce  ffami;  or  ^reat 
heat. 

Practical  tcstnS  nmdc  by  underwriters  have  also  shown  that 
inflamnialde  merchandise,  such  as  cotton^  may  be  ignited  l)y 
heat  passing  through  ordinar}^  wire-gliLss  windows,  but  that^ 
when  the  wire  ghisw  is  made  double,  with  an  air  space  between, 
ventilated  to  the  outside  air,  cotton  may  be  placed  w^ithin  four 
in  eh  as  of  the  glass  and  expoaetl  to  a  temperature  of  2500  degrees 
for  half  an  hour,  without  ignition.*  These  considerations  have 
given  rise  to  ''Twin  Windows,^'  or 

Doullle-glazed  Hash,  which  are  made  in  a  variety  of  forms  — 
stiitionary  sash,  hinged,  <louble  hting  or  pivoted  or  combinations 
of  these.  An  ordinary  type  with  fixed  lower  sasli  and  pivoted 
upper  sash  is  t?hown  in  Fig.  1*^2.  Eaeh  siLsh  is  so  made  as  to 
hold  a  fixed  light  of  wire  ghiss,  and  also  a  removable  frame  con- 
taining another  light  of  wire  glass,  above  and  below  which  are 
mw8  of  ventilation  holes.  This  removable  frame  is  an  improve- 
ment over  the  earher  methods  of  double  glazing,  as  prior  to  this 
arrangement  there  Wivs  no  way  of  cleaning  the  glass  on  the  inside 
faces.  The  National  Board  rules  regarding  double-glazed  sash 
are  aa  follows: 

To  comply  essentially  with  the  specifications  for  single- 
glazerl  sash,  and  to  be  used  when  the  contents  of  the  building 

*  Seo  ProcecdingB  of  Fourth  Annual  Meeting  of  National  Fire  Prottjctigiij 


ire  rrotcK^tioii^H 
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dre  inHammahln  ami  the  exposure  scv^crre.  The  application  uf 
this  rule  tci  t>i*  at  thf  discretion  of  tlH>  UmlorvvTitera  huvifig 
iurisdietion.  The  fLir-spac^  betvvwri  the  two  thickm^stv*  to  he 
at  Jeast  rmo  (l)  ineh  and  ho  provitied  witii  isuitahlc  vontiliition 
at  the  top  arul  bottom.  Where  two  or  inorL"  Maslii.^  are  iiHed, 
one  afiove  the  other,  the  air-space.s  between  the  shtH^ta  of  Kksa 
to  be  arranged  to  be  connected  when  the  window  is  dosed. 


Fig.  132.  —  Doublc-gtusod  Saah. 

In  case  of  sevens  oxpo.sure,  inflainnml)le  enntentH  within 
36  inrhoft  of  the  window  wouhi  be  in  flanker  of  i|;nition  by  the 
heat  rtuiiated  through  a  single  wired  ^htss  vvirnlow.  ^\'ith  tlie 
ventilated  double-glazed  aiu^h  36  inehe.s  roiild  be  allovvf^l,  but  in 
case  the  single-glas^tMl  yash  is  used  the  intervening  distance  be- 
tween the  window  and  the  merchandise  or  inflammable  material 
fih<mld  be  at  lexst  4S  inches. 

The  deaireij  (h>itanpe  of  inflammable  contents  from  the 
windows  may  be  seeurcvl  hy  pnztper  guitrtJH  arran><ed  Bf>  as  not 
to  obstruct  access  to  the  windoWH.  (xuards  const rui-ted  of  iron 
piping  are  reeommendtd. 

Fire  Tests  oi  Wire  Glass  Windows.  —  Fire  test  No.  78  of 
the  British  Fire  Prevention  Committee^  made  May  2^  1906  (see 
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*'Red  Book,''  No*  113),  was  to  ascertain  the  rdiitive  firo-re- 
eistance  of 

(a)  A  2-ineh  doal  sash  K^azefl  with  plate  glass^  and  protected 
an  the  fire  side  by  a  Kinnear  steel  rolling  shutter,  size  4  feet  by 
4  feet  0  inches y  and 

(6)  A  ;i-iiiofi  teak  sash  glfized  with  i-inch  wire  glass,  size 
2  feet  3  inches  by  4  ((ml  %  inches. 

DnratiOQ  of  test  one  hour,  temperature  iacr easing  to  1500°  F., 
followed  by  application  of  water  for  two  minutes. 

Summary  of  TesL  —  (a)  In  5  minutes  the  glass  beg.in  to 
crack.  In  25  minutes  a  thermometer  placed  SJ  inche-s  outside 
of  glass  regixsterod  130°  P\  In  40  miniiti*^!?  the  space  between 
sjish  and  shutter  was  filled  with  black  smoke.  In  47  mintites 
the  sash  l)ur>1  into  flame,  all  glass  dropped  out,  and  sash  w^as 
<lestroyed»  After  the  t(Nst  Uio  sluitter  was  raised,  to  within  2 
inches  of  the  top,  by  the  uniteri  efforts  of  two  men. 

(b)  In  one  mintde  the  giam  began  to  crack,  and  continued 
to  do  so  to  end  of  test.  In  20  minutf^s  smoke  came  over  head  of 
sash.  In  30  minutes  a  thermometer  placed  8^  itidhes  outside 
of  glass  rcgi.stered  170°  F.  In  5'S  numitt*^  the  upper  part  of 
sash  wavS  glowing  on  the  outside.  In  60  minutes  the  sash  burst 
into  flame  on  the  outside.  On  the  applit  ation  of  water,  the 
force  of  the  stream  ilisplacefl  the  glass  and  it  fell  outwards,  but 
the  glass  ludd  together. 

This  comparative  test  w^onld  seem  to  settle  the  relative  value 
of  combustible  windows  with  wire  ghtss,  protected  by  rolling 
shutters,  and  fire-resisHng  windows  glazed  with  wire  glass  —  to 
the  decided  advantage  of  the  latter. 

Fire  te.sts  Nos,  82  and  83  of  the  same  Committoc,  made  July 
18,  1906,  are  described  in  ''Red  Book;'  Xo,  116.  These  teats 
were  to  coinprtro  tlxc  relative  fire-resistance  of  six  wire  glass  win- 
dow constructions,  subjected  to  a  temperature  of  1500**  to 
1650*  b\,  followed  by  the  application  of  water  for  two  minuU^a, 
openings  Nos.  1,  2  and  3  being  exposed  for  45  m^inutes,  and 
openings  1,  5  and  6  for  90  minutes. 

Summary  of  Tests. 
glass  in  each  opening  commenc 
and  eontinucfl  to  do  so  during  the  test. 

Opening  N^o.  1  (2  ff^et  3  inches  by  4  feet  6  inches  in  siae) 
was  filled  in  with  a  teak  frame  divided  into  two  squares,  into 
which  the  ghiss  was  llxeil  with  teak  heads.  Fire  did  not  pass 
thmugh  the  glass ,  hut  smoke  passed  between  the  glass  and 
frame.  The  uppc^r  part  of  frame  was  charred  on  the  outside, 
and  at  conclusion  of  test  burst  into  Hame.     The  glass  remainea 


f  minuies. 

Immediately  on  lighting  the  gas,  thl^| 
imenced  to  crack  in  various  directioni^ 
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in  position  after  the  application  <"f  water,  but  fiuhscquently  the 
lower  square  fell  out  on  being  tapped,  luit  remained  iml>ri>ken. 

Opening  Xo.  2  (2  feet  :i  inches  by  4  feet  6  inches  in  size)  wiis 
filleil  in  with  a  8teel  ehannel-in>n  frame  with  one  fixed  and  one 
side-pivoted  angle-inm  siish,  each  coiitiiining  one  light  of  plate 
wire  giiuss.  Fire  did  not  pass  through  the  gltiss.  The  sti^el 
frame  ami  sash  were  nninjurerlj  hut  -slightly  twisted.  The  ghit^ 
remained  in  position.  iSnioke  passed  Ix^tween  tlie  frame  and 
fiurrounding  tirickwork,  and  between  tlie  mt^^tirig  rnils  of  sash. 

Opining  No.  3  (2  feet  3  inche:?  by  4  feet  6  inriies  in  size)  was 
filJed  in  with  a  galvanized  .sho(M*ste{^I  frame  and  tJoiible-hung 
8a.sli,  eaeli  of  which  was  divided  by  a  muutin^  The  uppiT  siish 
containe^l  maze  wire  ghis-H,  the  lower  sjish  fH>lished-plate  wire 
glass.  Fire  did  not  j)asa  throwgii  the  glass.  The  franie  and  sa.sh 
were  intact  and  the  glass  in  position.  iSmoke  passed  between  the 
frame  and  brickwork. 

Classification  w^as  obtained  as  afForifing  "temporary  pro- 
tection, Class  A/*  see  Chapter  \\  page  116. 

Optming  No.  4  (2  feet  t>  inches  I  ty  2  feet  6  inches  in  size)  was 
fillefl  with  one  square  of  }-ineh  maze  wire  glai^s,  fixed  direclly 
into  the  brick  reveal  by  being  imbe<itled  in  a  composition  of 
asbestos  and  phistcr,  Neither  fire  nor  writer  p  issihI  thniugti 
the  glass.  There  was  a  bulge  inwards  of  abtait  |  inch.  Classi- 
fication obtained,  "partial  protection^  Clasv^  A." 

Opening  No.  5  (2  fe<?t  'S  inches  by  4  feet  6^  inches  in  size) 
was  filled  in  with  a  stt^^l  channel-iron  frame,  witti  two  steel 
angle-imn  sash,  the  upper  one  being  fixed  and  containing  J-incli 
rolh^d-plate  wire  glass,  the  lower  one  tteing  pivoted  at  sides  and 
containing  J-inch  polished-plate  wire  p;L'iss. 

At  the  expiration  of  6t)  mintit^s  the  ghiss  in  the  opening 
was  intact,  but  cracked-  In  f>5  mirmtes  the.  ghiss  in  upper  .sash 
began  to  bulge.  In  70  minutes  the  ghi^ss  in  lower  casement 
began  to  bulge.  In  84  minutes  the  glass  in  npper  sash  had 
drawm  sufficiently  out  of  retiate  to  let  flame  through,  and  in 
87  minutes  the  glass  in  lower  sash  did  likewise.  On  the  apphca- 
tion  of  water  the  ghi*ss  remained  in  the  sash,  although  damaged 
and  bulged. 

Opening  No.  6  (2  feet  3  inches  by  4  fc*et  6  inches  in  size) 
was  filled  in  with  a  hollow  galvanizerl  sl^ecl  -nteel  frnrne  and  sash, 
identical  with  opening  Xq.  3.     Neither  fire  nor  wnter  passcni 

t through  the  glass.  Classification  "partial  protection,  Ckss  A" 
Ifas  obtained. 

These  tests  show  the  decided  superiority  of  hollow  sheet#ietal 
windows  over  any  constructions  made  up  of  steel  shapes. 

Wire  Gtas^  Windows  in  San  Franclscn  Fire.  —  Previoua 
mention  has  Im^n  made  of  the  saving  of  the  Western  Electric 
Company's  Building  in  the  San  Francisco  fire  (see  report  of 
Mr«  S,  Albert  Keed^  page  424);   and  as  this  example  foims  a 
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most  intercepting  instance  of  the  protection  which  may  he  afforded 
by  wire  glas.'*  wimlovvs,  it  is  worth  (^un^itleiing  in  more  detail 

The  building,  a  fonr-vstory  mill-construet^l  warehouse  and 
factory,  is  shoi;vii,  lookirii^  in  a  westerly  direction,  in  Fig*  133. 
All  windows,  except  those  in  an  nffive  portion  on  the  fourth  floor, 
were  of  wire  glass  in  metal  frames.     To  the  northeast  was  a 
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Fj«.  133.  —  Western  Ekctrie  Co/a  Byildlng  aftur  Sua  Franeioio  CjiiHiigriUion. 

blank  brick  wall,  save  two  shipping  doors  at  the  first  floor  which 
were  protected  by  tin-eovered  sliding  fire  doors  (see  photograph  )► 
The  liuildin^  was  equipped  with  sprinklers,  isuppHed  by  a  50,000 
gallon  roof  tank  as  shown,  while  a  secondary  supply  eon.^lsted 
of  a  120,iX10-gaIbn  rewrvoir  utider  the  yard,  with  an  eleetrieally- 
driven  rotary  pump.  The  following  interacting  description  of 
the  fire  is  from  a  report  made  by  Mr.  A.  VV,  Hitchcock,  Insurance 
Engineer  of  the  Western  Electric  Company. 

Immediately  following  the  earthquake,  fire  broke  out  in 
the  dwelling  houses  junt  north  of  Section  A.*  The  department 
respondcfl,  hut  hafl  absolutely  no  water  from  their  mains,  and 
foughfthe  fire  with  the  water  taken  from  the  projM^rty  hydmntr?. 
In  ihis  way  the  5(J,tX)()-gallon  tank  was  emptied  early  in  the  day 
and  left  the  sprinklers  with  no  supply  of  water  back  of  them. 
This  appears  to  have  bi^i^n  a  good  thing,  in  that  no  water  dani- 

*  SectJOQ  A  comprises  that  portion  of  building  to  left  of  entrance  doorway 
shown  in  pbotogruph,  and  sectioa  B  the  larger  portioQ  nearer  the  ob«er'rer. 
A  back  Bre  wall  separated  the  two  sectiona. 
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age  frnrri  the  .sprinklers  rft^ultcHl  lattT.  The  parthqiiakf*,  bf- 
sido.H  tf'uttiiig  off  the  supply  of  water  in  the  street  riiainw,  wnM^ktul 
ike  power  Iiouho  ho  that  ihvr*.'  wan  nr*  electric  current  avaiJable 
f<>r  use  with  the  notary  pump. 

Tli(!  fire  spread  in  t>r>th  an  eji.sterly  and  a  westerly  din^rtion, 
wiping  out  durini?  the  morning  nW  of  the  expu.sure  nnrth  nf  the 
plant  and  we-st  o(  Hawthorne  atriN^t.  It  did  not  eomnuinicate, 
however,  across  Hawthorne  street  at  this  time,  nor  dirl  it  crass 
California  street  to  the  dwellings  at  t  he  we,Ht  i>f  Serf  ion  A, 

After  the  fight  with  the  expasiirc^  at  the  north,  the  fire  de- 
partment, mnne  time  about  ncKJO,  left  the  uninethate  vicinity  to 
do  dtitv  elsewhere. 

After  wmn  the  conflaj^ration  began  to  work  back  towajd 
jThird  etHM't  from  the  wewt,  and,  jumping  Third  strt^et,  attacked 
the  l>lock  of  houseiH  on  the  wwt  of  the  prop<irt y.  The  employees 
Inally,  after  considerable  effort,  sycceetje^l  in  persuafling  the 
re  department  working  on  Third  street  that  there  wa«  a  large 
laerv^oir  under  our  ym-d,  and  tln^y  finally  l>rought  a  fire  engine 
d  dropped  its  suction  into  our  120,(IOO-galloii  yard  rei^ervnin 
With  the  water  thtiH  olitained  they  proceeded  to  fight  the  rdtf 
\f  dwellings  on  the  ea^^t  side  fi  Third  street.  Their  effoii 
were  unsuccessful,  and  when  the^re  finally  caught  the  5-story  i 
"welling  house  against  Section  A  they  gave  up  and  left^  Haying 
Ihat  the  C'alifornitt  lCle<  trical  Works  w:i>t  doonicnh 

At  al>out  four  o'clock  in  the  afternoon,  when  tins  occurred, 
he  fire  had  begun  to  work  in  on  tfie  nnuth  nide  of  FoLsotn  street 
Jong  the  houses  sho\^Ti,  and  the  suj>erintendcnt  instructed  the 
smployees  to  leave  before  they  wort*  ('ornj)h*tely  .surrounded, 
his  they  did  with  the  exception  of  two  men,  one  of  them,  the 
uilding  .superintendent,  sticking  tu  the  property  until  all  danger 
lo  the  biiikling  was  past. 

It  is.  therefore,  clear  that  during  the  severest  part  of  the 
ire,  that  i.s,  iluring  the  last  part  of  the  destruction  of  the  S-atory 
luilding,  there  were  only  two  mc^n  on  tlie  prf>perty  and  there 
was  no  water  available  except  a  smidl  amount  in  the  mill  tank. 

In  addition  to  the  *>story  hiiilding,  there  were  two  car- 
loads of  fir  cross  arms  for  telephone  poles  storetl  against  the 
property  wall  on  the  west  side  of  Section  A.  These  burned  up, 
together  with  such  material  as  was  being  shipped  and  stood  on 
the  shipping  platform. 

During  this,  the  hott(?.st  part  of  the  fire*,  a  few  pails  of 
water  were  carried  up  onto  the  roof  from  the  toilets  in  the  fifth 
floor  of  A,  and  the  exposefl  beams  and  the  woixlwork  of  the 
drawing  room  went  down  as  they  caugljt  fire.  The  inflammable 
material  was  drawn  away  from  the  mndows  aa  the  heat  grew 
intense,  smoking  c  uHains  pulled  down,  etc,  but  desks  were 
hjidly  scorched,  and  on  the  fourth  floor  a  switch-board  cable 
required  a  pail  of  water  from  the  hand  of  one  of  the  eniployera. 

On  each  floor  on  the  west  side  of  A,  the  sprinkler  heads 
nearest  the  windows  were  opened  by  the  heat,  but  the  next 
heads  inside,  which  are  about  15  feet  from  the  wall,  were  aot 
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opcneti.  The  g£ilviinixnd-iron  frames  ot  tiir-  wire  glass  (liP 
whole  length  of  this  wall  luid  the  paint  ail  bhstered  nff,  liut  thpy 
were  not  sprung  by  the  heat  in  any  (!ase  more  than  half  an 
inch,  and  in  most  casos  not  at  all.  The  wire  glass  stood  up 
in  every  rase,  and  shows  that  it  went  through  only  hy  large 
diagonal  cracks.     Nowhere  did  the  gla^^  j^ag  in  tlic  frame. 


1 


Fia.   134.^ — Wire  Glass  Windowsi  In  TVostcrn  Electric  Co.'s    Buildmg  after 
Conjlag^ratjon., 

On  the  e^ust  side  of  8eetion  B  in  the  yard  there  were  stored 
a  quantity  of  empty  barrels  and  boxt»s.  TUei^t'  vvero  de.stroyed, 
and  t'harre^i  the  tin-clad  doora  into  the  tir^t  floor,  but  the  doons 
did  not  Kivp  way,  nor  was  the  fire  communicated  into  the  build- 
ing through  the  openings. 

Condamms.  —  llndouhtwlly  the  California  Electrical 
Works  would  not  be  stnnding  tonjay  if  tlie  window^s  had  not 
been  of  wire  glass  in  metal  frames.  Undoubtedly  also  it  would 
be  a  ruin  hacinot  the  employees  remained  in  the  building.  Bat 
it  is  equally  true  that  neither  one  of  these  agencies  alone  saved  the 
day,  and  if  the  men  had  not  been  there,  lieat  passing  through 
the  wire  glass  would  have  started  an  interior  hrt3  and  d(\stroyed 
the  building;  or,  if  there  had  been  no  wire  glass,  the  men  with  I 
practically  no  water  would  have  bcjcn  entirely  inadequate  toj 
grapple  with  the  proposition. 
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One  of  the  triple  windows  to  be  seen  in  Fig.  133  is  showiii 

looking  from  inside  of  building,  in  Fig-  IM. 

That  wire  gla.ss»  however,  is  subject  to  complete  destruction 
under  severe  conditiorKS  i-  -h  ^vii  hy  Fig,  135  which  iUustratcs 
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Fig.  135,  —  Court  of  WelLT-Fargo  Buitdmf;,  San  Francispo,  after  ConflagratioQ. 

the  condition  of  the  interior  court  of  the  WeUs-Fargo  Building 
after  the  San  FranrLsco  fire.  This  photogniph  also  shows  the 
failure  of  the  glazed  terra-eotta  tilhig  useti  in  the  court  walls. 

Prism  Glass  Windows.  —  The  fire-resisting  properties  of 
prLsin  glass,  especially  when  ele('t.rc>-glazeil,  have  previously  been 
discuasetl  in  Chaiiter  VII,  page  257.  Several  fin*  tesUs,  both 
experimental  .and  aetual,  on  both  ordinary^  glazed  and  electro^ 
glajted  iirlsm  glass  have  shown  that  these  coiistructions  may 
possess  considerafjlo  vahie,  but  the  fire-re>*istance  offered  by  the 
prisms  is  principally  due  to  the  fact  that  the  glass  is  used  in 
small  Hghts,  held  at  their  entire  jjerimeter,  rather  than  to  any 
qujilitied  in  the  prisms  themselves.  Small  hghts  of  plate  glwss, 
say  4  inches  square,  when  eleetro-glazed,  also  possess  fire-resis- 
tance about  equal  to  prism  gkiss. 

An  interesting  photograpii  showing  the  almost  jierfect  con- 
dition of  Luxfer  prisms  in  the  transom  fights  over  tlie  demolished 
plate  glass  show  windows  of  the    McCIurg  store  in    ChLca^Q^ 
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destroyed    by   fire,    waa    published    in    The    Insurance  Prei 
March   8,    1899. 

Eloctro-glazed  prism  windows  have  been  installefl  in  a  number 
of  builibnt^s  whore  both  appearance^  added  light,  and  fire  pro- 
tection were  desiderata.  Thus  the  windows  on  a  mde  alley  of 
the  Rookery  Building  in  Chicago  are  so  glazed^  oka  the  windows 
on  one  of  the  narrower  street  fronts  of  the  mammoth  Prudential 
Life  Insurance  Company's  Build mg  m  Newark,  N.  J. 

The  conclusions  of  the  National  Board  of  Fire  Underwrite 
regarding  prinm  glass  when  used  as  a  fire-retardant  are  as  follows: 

Prisms,  as  installed  for  tlie  purpose  of  increased  light,  are 
usually  not  contained  in  frtimeH  which  are  designed  to  with- 
stand severe  heat,  as  the  requirements  for  strength  under  the 
different  conditions  of  actual  installation  do  not  necessitate  a 
frame  which  oan  be  reUed  on  as  a  lire-retard  ant. 

The  metallic  ribbons  between  the  prisms  used  for  the 
purpose  of  ligJit  only  are  not  ht^avy  enough,  are  not  continuous 
and  unbroken  In  botii  dir(H:tion.s,  and  are  not  attached  to  tlie 
metal  border  securel^^  enough  to  witlistand  sc^^ere  conditions  of 
heat.  The  riljbons  in  one  direction  are  usually  formed  of  siiort 
piecra  slipped  ui  between  tlu?  unbrokt^ii  ribbons  running  in  the 
opposite  direction,  and  are  held  in  position  by  solder. 

In  frames  for  this  service  the  ribbons  are  usually  of  com- 
paratively light  metal  and  are  fiistened  to  tlie  metallic  border 
by  soldering.  * 

It  has  been  demonstrated  by  fire  tests  that  prism  frames 
constructed  its  described  do  not  possess  sufficient  fire-resisting 
properties  to  warrant  consideration.  But  wh<Te  con>itructaJ 
for  the  purpose  of  withstanding  severe  conditions  of  heat  they 
may  be  made  of  service. 

In  all  cases  where  cleetro-giazetl  frames  are  to  be  in.«rtallrd 
as  a  protection  against  Hre  they  should  be  specially  const nu-ttd 
for  this  purpose  and  framed  in  as  carefnl  and  secure  a  maimer  as 
wirv'^l  glass.*  ^ 

Shutters  vs.  Wire  Glass  Windows.  —  Decided  objeetioi 
to  the  extensive  use  of  outside  hinged  shutters  are  fountl  in  their 
unsightliness  and  their  annoyance  to  tenants. 

For  the  rear  or  side  walls  of  stor«?s,  warehouses  and  the  like, 
outside  shutters  will  generally  Ite  nnohje<"tionaljle;  but  for  prin- 
cipal f;w,'adeSj  or  in  buildings  occupied  by  many  tenants,  either 
the  appearance  or  the  annoyance  of-  their  use  would  make  their 
installation  impracticable.  Thus  in  office  buildings  it  would 
be  almost  impossible  t^  place  window  shutters  and  keep  them 

*  For  full  ruloa  and  requiremenlx,  eee  National  Board  uf,Flre  Undervrritars^ 
p&nsphiet  "  Wired  Glass." 
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close*  1,  even  were  the  appearanee  not  ol)jeeLi«mal>le.  Them 
coukl  be  no  aysteniiitic  method  of  closing  them  without  giving 
serious  cause  for  complaint  on  the  part  of  those  tenanki  who 
wished  to  use  their  ofliei^t^  for  night  work,  while  if  there  were  not 
some  itiviolahle  rule  regarding  their  closing,  their  mere  preaenco 
would  he  useless,  as  in  the  case  of  the  Vanderhilt  Building  fire, 
described  in  Chapter  VI. 

A  furtiier  olijeeti^i  to  outside  iiinged  shutters,  inside  folding 
shutters,  and  to  outside  or  inside  rolling  shutters  (unlesir?  nornmlly 
open)  is  the  fact  that  if  all  such  shutters  an^  elosetl  at  night,  an 
internal  hre  may  attain  seriou'i  headway  hefure  even  the  presence 
of  lire  Is  known  from  the  street.  This  has  oeetirred  a  number  of 
times  in  completely  shuttered  factory  huildings,  etc.,  and,  to 
prevent  such  an  occurrance,  the  Boston  lioard  of  Fire  Under- 
writers requin^s  that,  where  shutters  are  ihsed  at  all  openings, 
one  tier  of  windows  on  Home  stret^t  front  be  left  with  the  shaUers 
open  to  allow  interior  fire  to  be  discovered ,  The  chance  of  serioua 
internal  fire  in  a  completely  shuttered  building  is  considered 
moie  than  an  offset  to  the  ehanee  of  exposim?  fire  entering  tlie 
ticT  of  unshuttered  windows  before  tlie  shutters  could  be  closed- 
Rolling  shutters  of  the  normally  open,  automatic  type  da 
not  possess  the  objections  abo%^e  stated  as  applying  to  hinged 
shutters,  and  the  fact  that  they  are  always  open  makes  them 
unobjeclionahle  in  appearance,  while  the  automatic  release 
insurers  their  lieing  ever  really  in  time  of  emergency.  Their 
behavior  in  the  »San  Francisco  fire,  especially  in  the  Bush  Stieet 
Telephone  Buihiing  l>efore  described,  shows  them  to  be  as 
efficient  as  any  other  single  form  of  window  protection. 

Wire  gkiss  windows  are  pleasing  in  appearanet?,  —  more  gen- 
erally applicable  to  average  conditions  than  8hutt«ra  —  always 
in  place  and  ready  for  service,  —  but  subject  to  limitations  of 
exposurt;  as  has  previously  been  point^?d  out.  They  must  be  ustid 
with  great  caution  in  sprinklcreti  risks,  as  radiated  heat  might 
cause  far  mtirp  water  damage  than  would  result  from  fire  damage. 
Window  Protection  as  Recommended  by  Various  Au- 
thorities. —  The  recom  men  flat  ions  of  Mr.  S.  Albert  Reed  have 
previously  been  given  (see  page  423). 

After  the  Baltimore  fire,   Mr.  John  R.   Freeman  made  the 
following  recommendations  :* 

♦  From  addreiki  at  annn&l  banquet  of  tho  NatioDal  Board  of  Fire  Under- 


462 


TON 


Tlie  path  of  Hsifoty  from  exposure  firas  for  office  building? 
and  tlie  like,  lies  in  a  window  cubing  formed  so  that  we  can 
aftiirh  to  it  u  shutter  of  a  furm  similsir  to  the  ordinary  house 
blind.  Our  ordinary  husin^uS-s  imiidings  have  walla  thick  enough, 
so  that  by  making  tJie  shutter  in  four  folds,  or  leaveis,  two 
being  hinged  together,  and  these  two  in  turn  attached  to  the 
wall,  making  each  fold  in  the  yliutter  only  about  15  inches 
wide,  the  window  will  be  wide  enough  for  all  practical  purposes, 
and  we  can  fold  the  shutter  back  within  the  window  jamb, 
very  mucli  as  we  do  the  inside  blind.  • 

To  do  that  with  the  present  ordinary  tin-t-iad  wliutter 
would  be  almost  impossible,  because  of  the  thickness  of  that 
form  of  slmtter.  It  (;an  be  done  with  a  steel  plate  shutter, 
without  ribsj  and  the  radiation  ean  he  ehecked  by  surne  thin 
incombustible  porous  covering  like  a-sbestoa  board.  .  .  . 

It  IS  entirely  possible  to  tUiisign  a  window  opening  adapted  to 
receive  a  safe  shutter,  so  that  it  w^dl  be  just  ii8  convenient  for 
ordinary  l>uaineKS  purposes  m  the  type  now  common*  1  think 
it  probable  that  the  best  place  for  the  shutters  is  inside  the 
glasSf  sacrificing  the  glazed  siUfh  outside  them  in  case  of  any 
great  conflagration.  ,  .  , 

In  sliortj  if  you  want  to  provide  against  an  exjioaure  fire,  I 
believe  the  only  way  to  do  it  is: 

First,  by  a  wall  either  of  lirick  or  concrete, 

Secoitdj  by   properly  designed   window  openings   and  cs 
intfs,  and 

Third,  by  good  shutters  in  those  wdndows. 

As  a  result  of  extensive#  investigations  regarding  the  SaB 
Francisco  conflagration,  Captain  Sevvell  reijorted  as  foEows:* 

While  there  is  no  th>ubt  that  comnierciul  standards  of  fire- 
proofing  are  dangerously  inadequate,  the  greatest  troulile  of 
all  is  the  fact  that  so  little  attention  is  paid  to  protecting  the 
exterior  openings  in  a  building.  Even  a  very  inelfieient  type 
of  fire  abutter  would  probably  nave  saved  some  of  the  buildingB 
in  San  Francisco,  which  were^  its  a  matter  of  fact^  burned  uut, 
A  li^ht  metal  shutter  comlnned  with  a  winrh)W  sprinkler  wcmld 
probably  rt^sist  a  ratlier  fierce  fire  for  a  long  tiiiie.  Although 
the  failure  of  the  water  supply  in  San  Francisco  might  be  urged 
as  one  rciison  why  a  window  sprinkler  would  ha\^e  been  of  no 
availj  it  is  a  fact  that  water  can  be  obtained  by  driving  wells 
into  the  sand  which  underlies  the  business  portion  of  San  Fran- 
cisco almost  everywhere*  Under  these  circumstances,  if  the 
fireproof  buildings  had  been  fitted  with  metal  shutters,  even  up 
^better  than  those  in  the. windows  of  the  Hall  of  Records,  and  if 
each  window  had  been  provided  with  a  sprinkler  and  the  build- 
ing itsc^lf  with  its  own  well  and  fire  pump,  it  is  probable  that  the 
fire  eould  have  bcc^n  kept  out  of  a  large  number  of  the  buildings. 
The  protection  of  external  openings  is  by  all  odds  the  most  ixn- 

*  See  Bulletin  No,  324,  pages  122  and  123. 
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portant  cDriistrurtjve  proljlerii  involved  in  iho  viif oris  to  make 
allies  proof  iigaiiiEst  eoiiiLiKratitin,  ami  it  soefiiH  probitble  that  at 
tiio  prf^.Hcnt  time  adequate  proti^ftion  of  windows  and  flofira  is 
.vtiilahle  at  a  rpaHonablf*  cost.  In  my  judgment ,  wiiidowM  pro- 
etled  in  tJie  following  way,  even  witlmnt  spriukJers,  might  keep 
lUt  the  firo,  Ihongh  the  buildings  were  shot  up  and  aliandoned. 

1.  The  onter  opening  Hfiould  be  protiK'ted  with  ssome  form 
of  rolling  steel  shutter  or,  preferalily,  with  a  shutter  compoaed 
of  sheets  of  steel  sliding  in  very  rfeep  rebates  in  the  walls.     The 

(heotJ3  of  Rteel  Hhoukl  l>e  anehi^n'd  in  these  rcl>ate.s  by  in(»anB  of 
angle  irons  or  rivets  driven  so  as  to  interlock  with  a  bead  to  be 

Klaeed  in  position  after  the  sheet  of  steel  is  itself  in  position. 
\y  providing  a  pocket  in  the  masfinry  ju.st  above  the  window 
bead  and  making  these  shutters  in  three  or  four  partes,  overlap- 
ping and  interloeking  at  the  overlap,  the  whole  shutter  could  be 
elid  up  into  the  wall  practieally  out  of  sight.  Tiiis  arrangement 
wovdd  nee(?ssitaie  window  openings  slightly  lower  than  those 
1]se<l  in  many  eommereial  buildings,  but  the  loss  of  light  woulrl 
Hot  he  very  sc^riouH.  The  metal  shutters  when  closed  should 
overlap  the  wintlow  opening  in  all  dire<'tions  ljy  at  legist  6  mehr^* 
This  overlapping  could  l>e  aceomplished  at  the  sill  without 
making  a  pocket  to  catch  water  and  dust,  by  forming  a  step  in 
the  sill  itself- 

2.  The  windows  should  be  made  entirely  of  wire  ghtss, 
with  sheet-metal  or  metul-covered  8a«h,  hung  in  metal  or  metal- 
covered  frames.     Clear  wire  ghiss  can  be  ubS  if  desired. 

3.  On  the  inside  of  the  window  there  should  be  a  sliding 
flhutter,  either  of  woo<l  eoverrxl  with  fihcet  mntal  or  of  sheet 
metal  such  aa  that  described  for  the  outside-  If  the  outer  wall 
jjH  furred,  a  pocket  eould  be  made  between  the  furring  and  the 
wall,  so  that  the  inside  shutters  eould  be  slid  sidewise. 

It  is  probable  that  under  a  fairly  bad  t^x/Kisure  t^  fire  the 
uter  shutters  hern  described  would  be  so  damaged  that  they 
iTould  have  to  l>e  rt^njoved.  In  a  conflagration  they  would 
probably  Ise  warped  to  such  an  extent  as  to  let  the  heat  in,  and 
possibly  t(j  soften  the  wire  glass  and  damage  the  windows  them- 
selves, so  that  they  also  might  have  to  be  renewed  —  at  least 
BO  far  as  the  sash  were  concerned.  But  it  is  very  doulttful  if 
ny  con flfig ration  would  ever  get  through  the  sash,  rnueh  less 
through  the  inside  shutters.  Any  damage  to  the  window  prf>- 
teetion,  however,  would  be  a  very  .small  matter  compared  with 
Jthe  total  destruction  of  the  contents  of  the  building  and  a 
damage  of  fif)  to  SO  per  cent,  to  the  building  itself  . 

Wmdow  protection  of  the  kind  just  described  could  be  so 

ed  that  it  would  not  be  objectionable  even  on  the  prin- 

front-s  of  buildings.     The  San   Francisco  and   Baltimore 

have  demonstrated  that  all  the  exterior  openings  of  even 

reproof  buildings  need  protection.     It  wouI<l  stwm  that  the 

Itime  hiis  arrivcfl  when  building  ordinances  shotdd  require  it. 

If  to  the  triple- window  protection  descril  ►ed  above,  a  vvin- 
dow  sprinkler  with  adequate  water  supply  is  added^  a  defensei 
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which  will  probably  not  only  be  adequate  for  its  purpose, 
but  which  will  suffer  small  damage  itself,  will  be  provided. 
This  system  of  protection,  while  it  has  never  been  applied,  can 
be  applied  at  a  cost  which  is  not  prohibitive,  especially  if  un- 
necessary and  expensive  finish  is  omitted. 

Selection  of  Window  Protection.  —  A  choice  of  the  several 
types  of  window  protection  which  have  been  considered  will 
involve  the  questions  of  distance  in  exposure,  severity  of  ex- 
posure, appearance,  and  eflficiency  of  protection  contemplated, 
maintenance  of  same,  and  first  cost. 

If  the  exposure  is  very  light,  as  in  buildings  of  good  con- 
struction across  a  street  as  wide  as  100  feet,  open  sprinklers 
should  be  sufficient,  except  for  a  risk  particularly  dangerous  in 
itself. 

If  the  exposure  is  moderate,  say  at  a  distance  of  50  to  75  feet, 
and  the  building  is  not  especially  hazardous  in  itself,  wire  glass 
windows  would  be  preferable. 

If  the  exposure  is  severe  and  at  a  distance  of  say  40  to  50  feet, 
tin-covered  shutters  should  be  used  where  the  appearance  is  not 
essential;  or,  if  such  shutters  are  objectionable,  rolling  steel 
shutters,  or  wire  glass  windows  with  open  sprinklers  could  be 
used. 

If  the  exposure  is  both  near  and  severe,  and  appearance  need 
not  be  considered,  tin-covered  shutters  in  combination  with 
either  wire  glass  windows  or  open  sprinklers  may  be  used;  or, 
where  appearance  must  be  considered,  either  inside  or  rolling 
steel  shutters  in  combination  with  wire  glass  windows  would 
be  efficient,  or  rolling  steel  shutters  and  open  sprinklers. 

Of  course,  the  above  recommendations  are  merely  suggestive. 
Each  building  is  more  or  less  a  problem  unto  itself,  according  to 
its  construction,  occupancy,  exposure,  etc.,  but  the  minimum 
degree  of  window  protection  to  be  accorded  each  exposure  must 
not  fall  below  the  requirements  of  the  Underwriters  having 
jurisdiction.  The  experience  of  the  past,  however,  shows  that 
it  is  often  advisable  to  exceed  such  requirements  rather  than 
seek  to  evade  them. 

The  present  practice  of  the  New  York  Fire  Insurance  Ex- 
change regarding  allowances  for  the  installation  of  approved 
shutters  or  wire  glass  windows,  or  both,  is  as  follows:  * 

*  See  circular  of  New  York  Fire  Insurance  Exchange  dated  January  2, 1912. 
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Expomire  Table.  ^The  Rate  Commit  tee  rules  that  hfrrafttT 
e  office  iHi  to  apply  tho  provision  in  thr*  exportiire  table  of  ttie 
ExfJmii^*'  for  rtnliiction  of  exposure  cliarge  for  presence  of  ap- 
prove<l  fire  t?hut.terMj  ho  im  \ti  make  (he  sann»  allowances  for  ap- 
fFovecl  wire  glij-ss  windows  lu-^  for  shutters,  aiiri  to  inerea.H(»  tho8«^ 
llowanecfi  by  one-half  wfieo  bo(h  shiiutani  fire  shutters  and  ap- 
proved wire  ghisa  windows  an^  pri.'tii'nl .  The  elTect  of  this  ruling 
is  to  make  available  an  allowanee  or  deiiuclion  from  exposure 
chiu-ge  of  40  per  cent,  if  window  openings  of  risk  are  protected 
by  approve hI  fin*  shutters  or  wire  glass  windows,  and  of  60  per 
cent,  if  they  are  protwrtul  by  both  su(*h  sluitters  and  sucli  win- 

»dows;  an  allowance  of  33 J  per  cent,  where  winctow  openings  of 
exposure  are  protet^tcfj  by  standard  fire  shutti^rs  or  wire  glass 
windows,  and  of  50  percent,  if  so  pro  tinted  by  both  the  standard 
fire  shut tei-s  fiiul  the  approvcMj  wireglasa  windows;  and  an  allow-, 
ance  of  45  per  cent,  where  window  openings  of  botJi  risk  and  ex- 
posure are  protected  either  by  standard  fire  shutters  or  wdre  glass 
window^s,  untt  of  fV7^  per  eent.  if  protcK^ted  l>y  both.     Bui  in  order 

I  to  olitam  the  idlow^ance  noted  above  for  wire  glass  windows,  in 
addition  to  or  without  the  shutters^  where  the  exposure  is  within 
^  feet  of  the  risk,  tlie  wire  glass  windows  must  be  of  ttie  douljle 
glazed  type;  if  the  expasure  be  mijoining  and  lower  than  the 
risk,  thus  constituting  overheiKl  exposure,  then  for  three  stories 
or  30  b?et  above  the  exposure  w  ire  ghuss  w^indows  must  be  of  the 
double  glazwi  type.  Beyond  a  distant^o  of  30  feet,  either  liorizon- 
tal  or  verlicidt  a  single  glazing  is  the  equivalent  of  the  stantlard 
shutter,  but  within  that  distance  is  entitled  to  only  half  the  reg- 
ular allowance.  The  increased  allow^ance  provided  for  under  this 
rule  where  both  standard  shutters  and  approA'ed  wire  glass  win- 
dows are  installed  w^ll  not  applv  iu  thtkse  cases  w^here  the  wire  glass 
windows  are  single  glazed,  unless  the  exposure  be  more  than  30 
feet  distant* 


Costs  are  very  difRcult  to  generalize,  as  so  much  depends  upon 
the  locality,  the  conditions  of  installation,  and  the  quantity 
onleredj   but  fair  average  prices  will  run  about  as  follows: 

Tin-covered  shutters,  installed  complete  with  all  necessary 
hardw^are.  30  cents  per  square  foot. 

Hollow  galvanized -iron  windows  glazed  with  rough,  ribbed  or 
figuretl  wire  glass,  about  75  cents  iwr  square  foot  foi  pivoted 
wmdowa,  and  about  one  dollar  per  square  foot  for  double-hung 
windows,  both  installed  complete.  Polishetl-plate  wire  glass 
may  be  taken  at  about  one  dollar  per  square  foot  additiunab 

Copper  window^s  will  average  abtjut  75  cents  per  square  foot 
liigher  than  galvanized-iron. 

The  cost  of  rolling  steel  shuttera  will  depend  entirely  upon  the 
diinensioaa  of  openings,  difficulty  i»f  installation,  etc. 
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Fire-resisting  Doors 

Consistent  construction  requires  that  fire-resisting  doors,  like 
windows,  should  not  be  materially  weaker  from  the  standpoint 
of  fire-resistance  than  the  partition  or  wall  in  which  they  are 
placed.  The  fact  that  but  one  inadequately  protected  door 
opening  may  prove  the  ruin  of  an  otherwise  impregnable  building, 
is  well  exemplified  in  the  case  of  the  Pacific  States  Telephone 
and  Telegraph  Company's  Building  in  the  San  Francisco  con- 
flagration, as  previously  described  in  this  chapter. 

Types.  —  Ordinary  types  of  fire-resisting  doors  include  tin- 
clad,  plate-iron,  compK)site,  or  iron  filled  with  some  fire-resisting 
material,  corrugated-iron,  rolling  steel  doors,  kalamine,  and  hol- 
low metallic.  Various  modifications  of  these  types  also  exist, 
as  will  be  pointed  out. 

The  best  type  for  use  in  any  particular  location  will,  princi- 
pally, be  dependent  upon  acceptability  to  Underwriters  having 
jurisdiction;  but  availability,  appearance  and  adaptability  will 
often  prove  determining  factors. 

For  interior  doors  in  factories,  warehouses  and  the  like,  or  in 
inconspicuous  locations  in  office  and  store  buildings,  etc.  (such 
as  boiler,  engine,  elevator-machine  rooms,  roof  houses,  etc.), 
tin-clad,  plate-  or  corrugated-iron  doors  are  generally  used. 
Where  appearance  is  a  factor  to  be  considered,  or  where  openings 
are  especially  large,  rolling  steel  or  composite  doors  are  often 
preferable;  or,  if  appearance  is  of  paramount  importance,  as 
for  stair  and  elevator  doors  in  office  buildings,  hotels,  etc.,  choice 
will  be  confined  to  rolling  steel,  kalamine  or  hollow-metallic 
doors. 

About  the  same  process  of  selection  will  apply  to  exterior 
doors.  For  small,  unimportant  openings,  tin-clad,*  plate-  or 
corrugated-iron  doors  are  usual.  For  larger  or  better  ap|>earing 
■  openings,  steel  rolling  doors  are  general,  while  for  conspicuous 
entrance  doors,  etc.,  kalamine  or  hollow  metallic,  or  solid  plate- 
or  c£ist-bronze  are  suitable. 

It  should  be  noted  especially  that  all  openings  in  fire  walls, 
i.e.,  walls  between  two  separate  buildings  or  fire  sections  of  a 
building,  require  doors  on  both  sides  of  such  openings  (see  later 
paragraph  '^Double  Fire  Doors,"  page  489). 

Requisites  for  Fire  Doors.  —  The  advantages  and  disad- 
vantages  of  various  types  will  be  discussed  in  following  para- 
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graphs,  but  any  fire  door  to  be  acceptable  should  combine,  Uke 
fire  shutters,  the  requisites  of  fire-resistance  and  ability  to  resist 
excessive  radiation  of  heat.  The  adaptability  for  use  as  a  fire 
shield  by  firemen  in  fighting  fire  is  also  often  important.  To 
fulfil  this  requirement,  single  doors  in  factories,  warehouses,  etc!, 
should  be  provided  with  protected  hose  holes. 

•Frames,  hardware,  and  methods  of  hanging  are  especially 
vital  points  in  connection  with  fire  doors.  For  full  rules  and 
regulations  concerning  the  making  and  hanging  of  tin-clad, 
plate-iron  and  steel  rolling  doors,  see  illustrated  pamphlet  "Fire 
Doors  and  Shutters'*  issued  by  the  National  Board  of  Fire 
Underwriters. 

Tin-clad  Doors*  —  A  few  of  the  more  important  standard 
rules  concerning  tin-clad  doors  are  as  follows: 

Openings  in  Wall.  —  To  be  as  few  and  made  as  small  as 
the  nature  of  the  business  will  permit,  but  in  no  case  to  exceed 
80  square  feet.  Walls  to  present  smooth  masonry  surface 
without  any  wood  trimming. 

Underwriters  having  jurisdiction  should  be  consulted  re- 
garding size  before  openings  are  made. 

Woodwork.  —  (a)  Core  to  be  made  of  well-seasoned  white 
pine  or  similar  non-resinous  wood.  Stock  to  be  of  a  good 
sound  quality,  practically  free  from  sap  and  large  or  loose  knots. 
Boards  to  be  plain  (not  beaded),  to  be  tongued  and  grooved, 
dressed  on  both  sides  and  not  to  exceed  8  inches  in  width.  Fin- 
ished thickness  of  boards  to  be  ^f  inch  full. 

(6)  Door  to  be  made  of  three  thicknesses  of  boards  dressed 
to  \i  inch  (full),  the  outside  layers  to  be  vertical  and  the  inner 
layer  horizontal. 

(c)  Layers  to  be  securely  fastened  together  by  wrought- 
iron  clinch  nails  driven  in  flush  and  clinched  so  as  to  leave 
smooth  surfaces  on  both  sides  of  the  door.  Vertical  and  hori- 
zontal rows  of  nails  not  to  exceed  8  inches  apart,  placing  the 
outer  rows  near  the  edges  of  the  door. 

Tin  Covering.  —  The  fire-resisting  value  of  a  wood  door 
encased  in  tin  depends  upon  the  exclusion  of  oxygen  from  the 
wood,  thereby  retarding  or  preventing  combustion,  and  also 
upon  the  degree  to  which  bulging  in  the  covering  can  be  pre- 
vented when  the  door  is  exposed  to  fire.  To  obtain  these  re- 
sults the  covering  must  be  so  applied  that  the  joints  between 
the  plates  will  remain  intact  and  provision  made  for  the  escape 
of  the  gases  generated  from  the  wood  core.  In  covering  the 
door  follow  carefully  every  specification  given. 

(See  National  Board  Rules  for  full  description  in  re  making 
of  woodwork  and  applying  tin.) 

(i)  When  the  covering  is  complete,  cut  a  hole  three  or 
four  inches  in  diameter  through  the  middle  plate  on  the  exposed 
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side  of  the  door  but  not  through  the  wood  core.  Secure  the  tin 
around  this  opening  with  small  nails  and  thoroughly  paint  the 
wood  thus  exposed.     (See  Fig.  136.) 


Note.  —  The  hole  will  prevent  bulging  of  the  covering  and 
rupture  of  the  joints  by  permitting  the  escape  of  gases  generated 
from  the  wood  core  when  the  door  is  exposed  to  fire.  Care 
should  be  taken  to  ascertain  which  is  the  exposed  side  of  the  door 
before  the  hole  is  made.  Usually  the  hole  should  be  made 
after  the  door  is  mounted.  Three-inch  holes  should  be  made  for 
doors  under  fifty  square  feet  in  area  and  four-inch  holes  for  doors 
in  excess  of  fifty  square  feet. 

The  caution  concerning  the  proper  making  of  tin-covered 
shutters,  previously  given  on  page  428,  is  equally  applicable  to 
doors. 

Swing  Doors.  —  Swinging  fire  doors  to  shut  into  a  brick 
rabbet  in  wall,  rabbet  to  be  at  least  4  by  4  inches  and  to  have 
true  sides  and  angles  so  that  door  will  close  snuglv  into  same,  or, 
door  to  abut  into  3-by  3-by  J-inch  angle-iron  rabbet  set  into  and 
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secured  through  the  wall  by  IJ-by  J-inch  iron  bars  spaced  not 
over  24  inches  apart.  Or,  door  to  shut  into  an  approved  door 
frame  of  iron. 

The  question  of  hardware  is  important.  Doors  in  excess  of 
7  feet  in  height  or  6  feet  in  width  must  have  3  hinges.  Hinges 
must  extend  three-fourths  the  width  of  door,  and  must  be  hoUed 
through  from  side  to  side.  Doors  to  be  secured  by  at  least  3 
latches,  also  bolted  through,  and  so  arranged  as  to  be  easily 
operated  from  either  side  of  door. 

Swinging  tin-covered  doors  in  pairs  do  not  furnish  as  satisfac- 
tory protection  as  single  doors. 

Sliding  Doors.  —  Sliding  doors  to  overlap  sides  and  top 
of  opening  four  inches.  Top  of  door  to  conform  to  incline  of 
track,  f  inch  to  one  foot. 

Where  steel  lintels  are  used,  door  to  overlap  brickwork  four 
inches  above  upper  flange  of  I-beam  unless  such  lintels  are  pro- 
tected in  a  manner  satisfactory  to  Underwriters  having  jurisdic- 
tion. 

The  proper  hanging  of  sliding  doors  is  very  essential  to  secure 
eflficiency,  so  much  so,  that  the  Underwriters*  Laboratories, 
Inc.,  have  made  many  tests  to  determine  which  types  and 
makes  are  acceptable.  Hardware  for  sUding  doors  especially 
should,  therefore,  preferably  be  selected  from  those  makes 
which  have  been  inspected  and  labeled  by  the  Underwriters' 
Laboratories,  Inc.,  as  being  in  accordance  with  the  requirements 
of  the  National  Board  of  Fire  Underwriters.  A  fall  list  of 
such  makes  may  be  obtained  on  request.  Some  of  the  better 
known  manufacturers  of  fire-door  hardware  include  the  Geo.  T. 
McLauthlin  Company,  Boston,  the  Allith  Manufacturing  Com- 
pany and  the  Variety  Manufacturing  Company,  both  of  Chicago, 
the  Cobum  Trolley  Track  Manufacturing  Company,  Holyokc, 
Mass.,  and  the  McCabe  Hanger  Manufacturing  Company, 
New  York. 

Fire-Desisting  Qualities.  —  The  tin-clad  fire  door  is  the  recog- 
nized standard  among  insurance  interests.  Like  the  tin-clad 
shutter,  it  is  probably  equal  to  the  best  low-priced  protection 
which  can  be  obtained,  but  other  types  are  certainly  as  efficient. 
Tin-clad  doors  are  not  infallible,  and  any  severe  exposure  will 
always  require  double  doors,  as  is  pointed  out  later. 

Fire  tests  of  tin-clad  doors  compared  with  other  types  are 
given  in  following  paragraphs. 


Adttmlagefi  (mtl  Dinadmntages.  —  Tin-covered  dours  are  clicafj 
generally  availalile,  made  according  to  j^tandsird  requireraenb 
fire- resistive,   tmd  iion-radiant.     On   the  other  hand,  they 
subject  to  deterioration,  cspeciaUy  in  damp  ki cations,  and  sus^"^ 
eeptible  to  damage,  as  from  trucking,  opening  and  closing,  etc. 
Careful  maintenance  is  esst^ntial.  ^m 

Tin  and  Asbcstas-clad  Doors.  —  Tests  of  what,  in  Englanc^H 
are  called  **armt)urpd'"  or  tin-clad  doors,  linctl  also  witli  asbestos 
board,  have  l>oen  made  by  the  British  Fire  Prevention  Committet'. 

''Red  Book'"  No.  146  describes  a  test  made  May  24,  HKKJ,  on 
such  a  3-piy  shding  door,  7  feet  6  inches  wide  by  8  feet  3J  inchca 
high,  overlapping  the  opening  ^l  inches  at  the  top  and  3  inches 
on  either  side.  The  tent  was  for  four  liours,  temperature  in- 
creasing to  18(K)°  F.,  followed  by  application  of  water  on  fire 
side  for  five  minutes,  with  a  view  to  fulfilling  the  requirements 
for  classification  ''Full  protection''  class  B*  On  the  application 
of  water  the  upper  portion  {»f  door  collapsed*     Clas.^ification  wi 
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not  obtained.     The  following  "Notu^'  prefaced  this  report: 

The  tOvSt  reported  upon  in  the  following  pages  practically 
concludes  a  series  of  important  investigations  with  dtxirs  kno 
as  'armoured'  (ix.,  tin-clad),  doors. 

Various  typtss  and  shm  have  been  under  test,  and  the  ee; 
hfis  included  examples  where  Ikunga  of  asbestos  board  have  b' 
apphed. 

Generally  speaking,  the  confidence   accorded  to  the  or< 
nary    'iiriBoared'   door    by   those   concerned    in   fire  inyurant^ 
mattery  i«  entirely  misphvced,  and  the  various  public  authori 
ticjj  who  have  rcfuse<l  to  recogniisc  them  m  alTording  any  iiij 
degree  of  fire-re^istanee  were  certainly  well  advised. 

If  well  made  and  well  fitted,  '  armoured '  doors  afford  whs 
this  committee  dc-icrihes  as  *  temporary'  or  ^partial'   fire  pi 
teetion,  but  they  do  not  afl'ord  —  even  when  supplemented  with 
asbestos  linings  —  what  is  tenned  'full  protection.* 

A  comparative  test  between  a  tin-  and  asbestos-clad  door  and 
a  plate-iron  door  is  given  under  heading  "Plat-e-iron  Doors."    ^ 

Copper -covered  Doors  are  often  ut*ed  on  rtiofs,  pent-house^B 
etc,,  where  contuiufdiy  exposed  to  the  weather.  They  are  more 
expensive  than  tin-['f»vpre<l  doors,  hut  their  maintenance  ia  more 
satisfactory  for  outside  use.  If  the  copper  covering  is  lock- 
jointed  over  a  wood  core,  exactly  the  same  an  for  tin-coverod 
doors,  they  will  generally  be  accepted  l>y  I  nderwriters  as  a 
substitute  for  the  latter  typCi  although  inferior  from  the  stand- 
point of  fire-resistance. 


>ri^J 
ith" 
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Plate-iron  Doors.  —  The  National  Board  Rules  cover  two 
t3rpe8  of  iron  doors,  m.,  the  "standard  sheet-iron  door,"  made 
of  No.  12  gauge  sheet-iron,  which  may  be  used  in  locations  where 
exposure  is  not  liable  to  be  severe,  but  which  is  7wt  recom- 
mended; and  the  standard  "Vault  pattern/'  for  which  some  of 
the  principal  requirements  are  as  follows: 

Openings  not  to  exceed  50  square  feet  in  area.  Doors  for 
larger  openings  require  special  treatment. 

Door  Plates.  —  (a)  To  be  of  t^-inch  iron  or  steel  thoroughly 
straightened.    Single  plates  to  be  used  where  practicable. 

(6)  To  overlap  wall  frame  at  least  one  inch  on  all  sides; 
or  if  doors  are  flush,  to  shut  into  at  least  f-inch  rabbet  all  around, 
formed  by  angle  on  back  of  wall  frame. 

(c)  To  be  securely  riveted  to  the  panel  frame  and  panel 
bars. 

(d)  Where  two  plates  are  used  the  joint  to  be  reinforced 
by  3  by  ^^inch  strip  or  splice  plate  securely  riveted  to  each 
plate.  Rivets  on  sphce  plate  to  be  staggered  and  not  to  exceed 
9  inches  apart  on  each  plate. 

Panel  Frame.  —  (a)  To  be  made  of  2-by  2-by  |-inch  angle 
iron,  continuous  with  bent  comers  or  with  domors  reinforced  by 
fillet  angles  where  joined.  Fillet  angles  to  be  securely  riveted 
in  place. 

(6)  To  be  stiffened  with  2-by  2-by  |-inch  angle-iron  panel 
bars  with  ends  off-set  so  as  to  extend  over  sides  of  frame,  or 
ends  may  be  fastened  with  fillet  angles. 

(c)  Each  frame  to  be  provicled  with  at  least  two  panel 
bars,  and  where  doors  exceed  seven  (7)  feet  in  height  panel  bjirs 
not  to  exceed  two  feet  apart. 

(d^  To  be  placed  as  near  the  edges  of  the  door  plate  as 
practicable. 

Riveting.  —  Rivets  to  })e  of  Norway  iron,  at  least  I  of  an 
inch  in  diameter  and  spaced  not  over  six  inches  apart.  Steel 
rivets  should  not  be  used. 

As  the  fire-resisting  qualities  of  the  iron  door  depends 
largely  on  proper  riveting,  the  rivets  should  be  properly  placed 
and  carefully  drawn  up. 

A  typical  plate-iron  door  is  sho\NTi  in  Fig.  150. 

Fire-resisting  Qualities.  —  ^^Red  Book"  No.  25,  of  the  British 
Fire  Prevention  Committee,  describes  a  comparative  fire  test, 
made  June  14,  1899,  between  a  tin-clad  and  a  plate-iron  door. 
The  test  was  for  one  hour,  temperature  gradually  increasing  to 
2000°  F.,  followed  by  application  of  cold  water  for  five  minutes. 
Each  opening  was  3  feet  9  inches  by  7  feet  (i  inches.  The  tin- 
clad  door  was  2  inches  thick,  hung  to  fit  closely  against  the  face 
of  brick  wall,  with  3  inches  overlap  at  sides  and  top.     The  i)late- 
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iron  door  was  made  of  i-inch  plate,  reinforced  on  fire  side  by 
3-inch  by  i-inch  battens  along  all  edges,  across  the  middle,  and 
up  the  center,  thus  dividing  the  main  plate  into  four  panels. 

Summary  of  Effect.  —  The  wood  door  covered  with  tinned- 
steel  plates  remained  in  position,  but  was  much  buckled  and 
bulged,  and  the  upper  part  gradually  inclined  inwards  to  a  con- 
siderable extent,  permitting  the  passage  of  flame.  The  first 
spurt  of  flame  over  the  top  of  door  was  seen  after  five  minutes. 

The  iron-framed  and  panelled  door  remained  in  position, 
but  became  red  hot,  buckled  and  warped  considerably,  together 
with  its  rebated  frame.  The  upper  comer  on  the  lock  side 
gradually  inclined  inwards  to  a  considerable  extent,  permitting 
the  passage  of  flame.  The  first  spurt  of  flame  between  door  and 
frame  was  seen  after  twenty  minutes. 

Observations  After  Test. 

Tin-dad  Door.  —  All  the  woodwork  between  the  tinned- 
steel  plates  was  wholly  reduced  to  charcoal,  and  had  fallen  to 
pieces  within  the  steel  casing.  The  tin  was  melted  off  the  door. 
Some  of  the  plates  were  forced  out  of  position  and  the  welted 
edges  opened.  The  steel-plate  casing  was  considerably  bulged 
on  the  fire  side,  and  also  on  the  outside,  so  that  the  distance 
taken  at  the  center  between  the  inner  and  outer  casing  was 
9j  inches.  The  top  of  the  door  had  inclined  towards  the  fire 
side  to  the  extent  of  6  inches,  and  was  bent  1  inch  towards  the 
fire  side  at  the  bottom. 

Iron  Door.  —  The  iron-framed  and  panelled  door  had 
buckled  and  warped,  as  had  also  the  rebated  frame  in  which  it 
was  hung.  The  door  had  fallen  over  at  the  top  comer  on  the 
lock  side  to  the  extent  of  4|  inches.  The  rebated  frame  had 
bulged  to  the  extent  of  2f  inches  from  the  vertical  straight  line. 

**Red  Book''  No.  141  describes  a  second  comparative  test  made 
between  a  3-ply  tin-clad  door  hinged  to  built-in  pintles,  and 
i-inch  plate-iron  door  with  stiles  and  rails  3  inches  wide  on  both 
sides,  hung  in  an  angle-iron  frame.  The  test  was  of  a  tem- 
perature not  exceeding  4000°  F.  for  four  hours,  for  classification 
**Full  protection,"  class  B. 

The  tin-clad  door  allowed  both  fire  and  water  to  pass  through. 
The  maximum  reading  of  thermometer  hanging  in  front  of  door 
was  130°  F.  at  240  minutes.     Classification  was  not  obtained. 

The  iron  door  did  not  permit  the  passage  of  flame  through  the 
door,  or  between  the  door  and  frame.  The  door  became  a  bright 
red  heat,  the  outside  thermometer  registering  380°  F.  at  240 
minutes.  The  door  bulged  inwards  about  one  inch.  Classi- 
£cation  was  not  obtained. 
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A  comparative  test  between  a  tin-  and  ashestos-clad  floor  and 
a  pJate^iron  door  ih  dc^scribed  in  ''Red  Book  '■  N<k  147.  Tlie  test 
was  made  May  24,  \[HYA,  <hiratic>ii  fiiur  luHUS,  temperature  in- 
creasing to  ISOl)*'  F.,  followed  by  iipplication  of  water  for  five 
minuten  on  fire  ^\dv.  Tht;  ojx'iiinjcjH  measuretl  3  h^it  'S  intdiea 
by  6  feet  9  inches.  Tlie  "aniinured"  door  wtis  2-pK%  biiif^ed  tu 
built-ifi  piiilk^i^,  <iverlappiirg  the  opening  3  inches  nt  tlie  top  and 
4  itiL'hes  at  either  .side.  The  plntt^iron  door  wjlh  rnatle  of  a 
J-inch  steel  plitte,  reiiiforeed  by  4-by  i-inrh  l>attenH  on  both 
Bides,  around  all  etlgea  aiK.1  iierosa  the  center,  and  waw  luuig  in 
an  angle-iron  frame* 

The  maximum  rea<Jings  of  the  hanging  thermometeis  in  front 
of  the  doors  were,  at  24r)  Tuinutei^,  1S0°  F.  for  tlie  armoured  iloor, 
and  375^  F.  for  the  plate-iron  door.  Tbe  former  door  allowed 
both  fire  and  water  to  pm^  through.  The  latter  duor  did  not 
allow  the  paswage  ijf  flame  through  the  door  or  Inttween  the  di>or 
ami  frame.  Classi filiation  ''Full  protection,"  tshuss  B,  was  not 
obtained  in  either  ease.  The  iatroductory  note  to  this  report 
is  aa  follows: 

It  may  be  noted  that  the  radiatioti  of  heat  through  the  iron 
dfior  is,  consideraitly  grwder  than  through  the  a.sbe,st08-Iined 
*  armoured'  door,  yet  towards  (he  efirndtiwion  of  tlje  tej^ts  the 
lire  came  over  the  top  of  the  latter. 

It  may  atso  !h3  note<l  that  the  iron  door  is  the  type  of  dixir 
now  required  under  the  Loruioii  Btiililing  Act,  further^  that  the 
^annoureil'  door  in  thia  case  had  one  ihieknens  of  boarding  less 
than  required  l>y  the  British  Insurance  Companies,  whitst  the 
asbastoa  lining  (two  thicknesses)  was  in  excess  of  their  require- 
ments. 

A  comparatn-e  test  (made  July  25,  1900)  on  two  plate-iron 
doors,  practicjilly  identical  except  that  one  had  stiles  and  rail -5 
on  one  ai<le  only^  and  the  other  on  both  sides,  is  de.scrihed  in 
"Rei  Book"  No.  60.  Each  dmr  was  3  feet  3  inches  by  6  feet 
9  inches  in  size,  made  of  i-incli  sterd  plate,  reijiforced  with  ]-inch 
stiles  and  rails^  hung  in  an  angle-iron  frame.  The  double- 
battened  door  made  Homcvvhat  the  better  showing. 

Adrtitthgea  and  Dtmdmfiluges. — The  foregoing  tests  nhow 
corieluKively  ihat,  as  far  ?ls  fire-resistanee  i^  euncerned,  plati^ 
iron  dot^rs  are  superior  to  tin-elad  doors,  but  the  ra.liation  of 
heat  permitted  by  plale-iron  construction  —  375  degref^s  in  one 
test  as  oomparr3d  wilh  11^0  degn^es  for  the  tin-clad  door — ^con- 
stitutes a  most   serious  objection.     l*hite-jron   dooia   may   be 
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made  of  bettor  appearanoe  than  tin-rovorcfl^  but  at  consideral 
greater  nost. 

"Composite"  Doors,   i.e.,  sheet-  or  plate-iron  doora   filled 

with  tuilit'Htos  or  other  fire-resisting  material,  have  been  investi- 

[ited  by  the  British  F'ire  Prevention  C'ommitt-ee  through  a  seriea 

^of  valuable  tojsta,  whit^h  may  l>e  ])riefiy  suinmarizcxl  as  follows: 

''Red  Book"  No,  117.— Teat  of  two  ^'Ferro-asbeiitic"  doors, 
made  October  3,  1906.  Test  for  "Full  Piotection/'  class  A, 
150  minutes  duration,  temperature  not  exece^Iing  2000°  F.,  water 
applied  2  minute>5  on  fire  side.  Doors  3  feet  10  inches  by  7  fe^et 
7  inches,  1|  inehert  tloek  at  stiles  and  rails^  and  e-ineh  think  in 
panels,  made  of  ehannel-iron  frame  and  Hhoetiroti,  one  door 
panelled  iind  moukled  on  both  sides,  the  other  having  faces  with 
verliral  indentations  similar  tj  V-shaped  boarding.  Each  lilnged 
to  an  angle-iron  frame. 


Door  No.   1.     The  panels  bulged    after   5    minutes,  fla] 
pa3se  I  bt^tvveeii  door  and  frame  at  120  minutes. 

Door  Xo.  2.  Door  and  frame  buckled  after  10  minutes^ 
flame  pa^^scd  between  door  and  frame  at  30  minutes. 

Neither  door  received  the  elassifination  sought.  Tliese  par- 
tic  Lilar  doom  are  capable  of  improvement,  hut  even  aa  they  stand 
they  have  shown  up  under  test  as  well  as  man}'  other  doora 
which  are  dubl>ed  with  the  title  'hrepronfJ 

"/?eff  Book'*  No.  141.  —  Test  of  two  composite  doois,  made  Feb- 
ruary 24,  11X>9.  Test  for  "F^ull  protection,"  ckiss  B,  4  hours, 
2000"  F*,  water  for  5  minutes.  J>finrs  2  feet  9  inches  by  6  feet 
5  inches,  made  of  in>n  and  asbastos  composition  filled.  One 
door  hinffoil  in  angk'-iron  frarn*!,  the  other  in  brick  rebate^ 
Classification  was  not  obtained  foi  either.  ^J 

**  Red  Book^'  No.  149.  — Test  of  two  large  ferro-asl>estic  of^l 
"Dreadnought"  doors,  made  January  12^  1910,  for  classification 
"Full  protection,"  class  B,  for  door  No.  1,  and  ''FuE  Protec-^_ 
tion'*  class  .4,  for  door  No.  2  (compare  page  llfi).  ^H 

Door  No.  1  was  7  feet  by  8  feet  opening,  1 }  inches  thickj  inad*^* 
of  sheets  of  No.  19  gauge  steel  with  hydraulically  stimiped  panels, 
witl)  inner  and  outer  frames  of  channel-iroat  and  with  filling  of 
a.sbc^tos  and  kleselguhr.  This  door  was  hung  to  an  oveihead 
track- 
Door  No.  2  was  7  feet  by  7  feet  G  inches  opening,  eliding  on 
bottom  ininnera,  the  construction  of  d^jor  being  the  same  as  No.  1 
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xcept  thiit  it  had  vertical  V-ahaped  grooves  on  surface  instead 
nl  panek. 


Aftc 


170  inintili»s,  a 


Summnrtj  of  Tmt,  —  I)<K>r  No.  L 
maximiini  niilj^o  of  2\  inolje.s  was  rororfiofl.  ( Jn  the  application 
of  water  at  240  minutes  the  forre  of  t  hc^  stream  broke  down  the 
inner  steel  Ciusing  and  washofl  out  the  interior  com  position, 
oaTi^sing  the  outer  steel  eovering  to  bulge  outwards.  Fire  did 
not  pjiss  tlirough.  Classification  "Full  protectioUj"  ciiti^  B, 
was  obtained. 

Door  No.  2.  At  130  minute;^  a  maximum  bulge  of  3 J 
inches  Wiia  rerrordeiL  At  110  minutes  flarne  piussed  throvigh, 
owing  to  the  pidling  away  froiii  brickwork  of  one  tside  of  channel 
fnirao.     Classification  not  given. 

fnlrotiitcfon/  A^ale,^T\us  report  continues  the  investiga- 
tion with  doors  of  a  compo.site  type>  The  former  (aee  *'  Red 
Book''  No.  117,  c]tjoted  above)  was  a  tent  with  comparatively 
small  doors  of  a  similar  eharaeter.  Thi^  one  is  with  large  doors, 
and  the  satisfactory  results  of  the  test  demonstrate  that  this 
type  of  door,  if  f)rcjperly  hung,  may  be  eonsidere*!  'fire'resisting,' 
The  great  advantage  of  a  doi»r  of  this  type  from  the  firfvprotec- 
tion  point  of  view  is  the  small  amount  of  heat  radiated  through 
it.  In  former  te^ts  witii  *  all-iron'  floors,  it  wtis  found  tliat 
although  the  dotirs  resisted  the  passage  of  fire,  the  radiation  of 
heat  through  theni  was  sufficient  (unless  dotible  doors  were  used) 
to  ignite  combustible  material  in  close  pn)ximity  on  the  side 
opposite  to  the  fire,  and  in  doons  of  the  'Armourtxi'  or  tin-clad 
tyiK*,  the  doors  failed  hy  reason  of  the  interior  being  consumed 
and  letting  the  fire  round  or  over  them  before  the  conduaio:» 
of  the  test. 

One  of  the  doors  in  this  report  failed  by  reason  that  the 
channel  into  which  the  door  closed  was  inmifficiently  sccurc'd  to 
the  brickwork. 


The  '*Ajai*'  Fire  Door,  manufactured  by  the  Kinnear  Manu- 
facturing Company,  is  a  composite  door  2^  inches  thickt  made  of 
horizontal  sectiona  of  No.  '2(h  gauge  interlocking  galvanized-stwl, 
8  inches  wide,  assemhlixl  on  an  interior  skeleton  framework 
made  of  V*iT-hich  bars  and  angles.  The  sections  of  sheet  steel 
arc  tongued  ami  grooved  at  the  intersection.s.  Vertical  rods, 
^  inch  diameter,  and  IS  inches  centers,  pass  through  the  interior, 
which  is  filled  with  mineral  fiber. 

This  type,  shown  in  Fig.  137,  is  approved  by  the  ITnderwr iters' 
Labomtories,  Incorporated,  as  a  standard  door  for  openings  not 
exceeding  80  square  feet  in  area.  Automatic  closing  device 
may  be  attached  if  desired.  Double  doors  are  required  at  fire- 
wall openings* 
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Carruje^ated-iroD  Door^,  as  made  by  the  Sumo  Fire  D( 
and  Shutter  CoDipany,  of  Moniphics,  Tenu.,  are  acrepted  by  the 
Underwriters'  Latxmitrjries,  Inntrporated,  tis  tlio  eqidvak'rit  of 
the  siitaudard  2^-inch  fire  door,  for  openings  not  execedinp;  6  feet 
in  width.  Thf^e  drjors  are  made  of  Na,  22  gauge  galvanized 
eorrugated-ir«>n,  with  a  i^T-inch  nheot  of  asbestos  betwwMi.  The 
face  of  tinor  is  made  of  a  sina^le  sheet  of  tlie  corrngaleil-iron  with 
the  corrugations  niniiing  vertically.  To  provider  for  rxpansioa 
and  contraction,  the  rear  side  of  door  is  made  of  several  sections 
of  the  corrugatetl-iron  (with  c«rrugatioTis  riinniag  horizontally), 
)  fastened  together  loosely  by  means  of  bolts  in  slotted  holes.  The 
stiffening  frame  is  also  scetional,  corresponding  to  the  number 
of  sections  in  the  roar  wall.  These  doors  ^^  ( igh  le-sj*  than  the 
standard  tin-clad  door,  the  cojst  beinu;  about  the  same. 

Fig.  138  shows  a  Saino  fire  door  after  a  severe  two-hour  (ire 
test  in  a  building  at  Knoxville,  Tenn. 

St«t4  Kolllng  Fire  Doors,  when  single,  are  approvt^d  by  the 
Undenvriters'  Laboratories,  Inc.,  for  use  as  stair  or  elevator 


doors  wfion  made  Jiutomatk  in  actltm,  and  in  shafts  wfik-h 
d<*  ruit  erirunmnjcate  with  more  than  one  fine  section^  pravided 
openings  do  not  oypwhI  8  feet  in  width  and  9  feot  iti  height, 
ilooi's  ti*  he  niounted  on  face  of  wall.  Appruvfii  ilcjorn  of  thin 
t^'pc  <'onipi"is(*  "Variety  No.  3*3/'  made  hy  the  Variety  Manu- 
farturing  Company,  Chicago,  "Ahar'ius  No.  1/'  made  hy  the 
Ivimieur  Maniifartiinng  Company,  CoJumbu.s^  Olrio,  arid  ''Wil- 
son Arrangf^nient  Nn.  l/'  made  by  J*  Vr,  Wiboii  Manufacturing 
Company,  New  York. 
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The  latter  door  la  illuatrated  tti  elevation^  section  and  pla 
in  Fig.  139,  while  Fig.  140  shows  a  detail  of  the  hood  and  coil,  etc 
when  the  door  is  cloaed.  The  main  nonatrnctiontd  points  of  thL 
type  may  be  briefly  described  as  follows: 


Mm^^^mj^mm 


Fjfi-    139.  ^  "Wilson  Arrangement  Nqk  l"  Steel  RolJitig  Door. 


1.  General  DeMgn  and  Construction. — ^  Single  door,  spring 
counterbulani^ed,  for  opcninpta  in  stair  and  elevator  shafts  not 
ex(^ewling  S  feet  wide  by  9  feet  high.  Mounted  on  the  face  of 
the  wall,  overlapping  at  the  sides  and  top.  Marnially  operated 
by  hfiiidlc  placed  on  bottom  bar  of  curtain.  Automat ically 
closed  by  a  releasing  flevice  actuated  by  a  fusible  link.  Pro- 
vided with  internal  baffle  plates  closing  the  space  between  the 
curtain  and  hood  on  both  sides. 

2.  Curtain.  —  Made  of  interlocking  slats  formed  of  No.  20 
U.  S.  gauge  galvanized  open-hearth  steel.  Finishetl  slats  ap- 
proximatt^y  2{  inches  wide,  center  to  center,  slipped  together 
and  provide<l  with  special  malleable-iron  castings  on  side  of 
each  slat.     Curtain  to  extend  into  the  grooves   1^  inches  for 
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openings  6  feet  in  wiiilh  and  lesw,  and  two  in(*h<?«  fur  openings 
6  to  8  feet  in  width. 

The  upper  slat  of  eurtiiins  to  be  reinforced  by  two  1  by  J 
inch  iron  strips  rivetetj  together  by  j-lrieh  rivet^s  spaced  not  to 
exceed  12  inches  apart  and  attached  to  the  barrel  or  ringK  by 
^inch  stove  bolts  with  wii«hers  on  outside.  Bolt  holes  slutted 
and  bolts  spivced  not  exc«:5ding  18  inehes  apart.  Bottom  of 
the  curtoin  to  be  fitted  with  a  bar. 

3.  End  Lorks.  —  Each  end  of  each  slat  to  ho  provided  with 
a  special  malleable  iron  cjijsting  on  one  8ide  riveted  through  the 
slat  by  two  1-inch  rivets.  Cast- 
ings lire  designed  to  hold  the  1 
slats  in  place,  to  take  the  wear  p 
in  the  grooves,  to  keep  the  joints  I 
between  the  slats  in  close  con-  ( 
tact,  to  stiffen  the  shutter  verti* 
cally  an<l  to  act  ti»  fire  stop  at  | 
the  end  of  the  slats. 

4.  Hoitom  Bar.  —  Made  of 
two  1  §  by  1 1  by  ^g^-inch  angles 
and  4  by  |  inch  plate  riv^etecj  or 
bolted  together  through  slotted  j 
holes^  spaced  not  to  exceed  9 ) 
inches  apart.  Bolts  or  ri\'et3  \ 
inch  in  diameter  and  provided 
with  stCM?i  and  \'uleanized  wockI- 
fiber  washers.  Plate  to  be 
riveted  or  bolted  to  the  lower 
slat  at  not  to  exceed  l)-inch  in- 
tervals. Bars  to  be  provided 
with  an  angle  clip  at  each  side 
at  the  center. 

The    bottom    is    also    pro- 
vided with  self-locking  side  bolts 
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Fia.  I4fl.  —  Detail  of  llciod  and  CoiU 
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at  each  end  that  ean  be  unfastened  from  either  side. 

5.  Barrel.  —  Made  of  2-,  3-  or  1-inch  commercial  Bteel  pipe, 
depending  on  the  width  of  tfie  curtain.  The  barrel  is  sup- 
ported at  each  end  by  means  of  short  sections  of  IJ-inch  shafts 
rigidly  secured  to  the  iron  limeketa  and  projet^ting  into  the  ends 
of  barrel  through  east-iron  bushings  provided  with  babbitted 
bearings.  Ball  bearings  may  be  substitnted  for  the  bal)bitted 
bearings  specifie<L  Within  the  shaft  is  phued  a  helical  steel 
epring,  of  such  size  and  length  as  properly  to  counterbalance 
the  shutter  and  make  it  operative.  One  end  of  spring  is  fas-- 
tened  to  inner  surface  of  barrel,  and  the  otlier  end  to  the  fixed 
steel  shaft  carrying  one  end  of  tlie  iKureh  Where  rii>gs  are 
used  on  barreb  they  are  to  he  spaced  2  to  3  feet  apart,  scenretl 
to  the  barrt^l  by  two  -J-inch  pins  or  set  scrcjws. 

6.  Brackets.  —  Ma<le  of  cast-iron  of  a  pattern  suitable  for 
the  support  of  the  barrel,  coil  and  hood,  and  to  close  the  open- 
ings at  the  onda  of  the  hood  when  the  parts  are  in  place,     Eacb. 
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bracket  provided  with  three  A-ii^ch  holes  for  bolting  to  the 
wall. 

7.  Hoods.  —  Made  of  at  least  No.  24  U.  S.  gauge  galvanized- 
iron  formed  to  fit  the  brackets  and  attached  by  i-iJ^ch  machine 
screws  or  bolts  spaced  not  to  exceed  6  inches  apart  and  with 
washers  under  heads.  The  edges  are  stiffened  by  a  2  by  2  by  f 
inch  angle  at  the  bottom  and  a  2  by  2  by  J  inch  angle  at  the  top, 
riveted  in  place  by  J-inch  rivets  spaced  not  to  exceed  9  inches. 
Ends  of  angles  rest  on  lugs  cast  on  brackets  and  fastened  through 
slotted  holes  by  |-inch  bolts. 

8.  Baffle  Plates.  —  The  curtain  is  provided  with  continuous 
baffle  plates  on  each  side,  attached  by  hinges  spaced  not  to 
exceed  12  inches  apart.  Projections  at  each  end  engage  guide 
strips  which  force  baffle  plates  against  wall  and  against  angle 
at  lower  edge  of  hood,  when  the  door  is  completely  closed. 
Guide  strips  are  bolted  to  the  upper  end  of  grooves  which  extend 
into  the  hood.     See*  Fig.  140. 

9.  Grooves.  —  Made  of  two  steel  plates  3}  by  A  inches, 
riveted  together  through  a  continuous  separator  made  of  one 
channel  or  of  two  angles  of  i\-inch  steel,  about  1  by  1  inch. 
Holes  for  rivets  are  slotted.  Groove  is  secured  to  the  wall  by 
means  of  |-inch  angle  riveted  to  the  groove  proper.  Rivet  and 
bolt  holes  are  slotted.  Fiber  packing  is  used  under  iron \  washers 
in  the  case  of  all  slotted  holes.  Upper  wall  bolt  is  not  more 
than  6  inches  from  end  of  groove,  and  bolts  are  spaced  not  more 
than  18  inches  apart.  Lower  bolt  not  more  than  3  inches  from 
end  of  groove. 

Steel  rolling  doors  may  be  placed  with  the  hood  and  coil,  etc., 
within  the  wall  reveal  of  elevator  openings.  The  "Abacus  No.  2" 
door  manufactured  by  the  Kinnear  Manufacturing  Company 
may  be  so  used  for  openings  not  exceeding  8  feet  in  width  and 
9  feet  in  height  in  standard  elevator  shafts  which  do  or  do  not 
communicate  with  more  than  one  fire  section.  This  door  is 
manually  operated  by  a  handle  at  bottom  of  curtain,  and  is 
automatically  closed  by  a  releasing  device  which  is  actuated  by 
two  fusible  links  which  operate  at  an  approximate  temperature 
of  160  degrees. 

Fire-resisting  Qualities.  —  A  considerable  number  of  fire  and 
water  tests  of  steel  rolling  doors  have  been  made  by  the  British 
Fire  Prevention  Committee,  among  which  may  be  mentioned 
the  following: 

Red  Book  No.  144  describes  test  of  a  single  steel  rolling  door 

of  the  ''Wilson"  type.     The  size  of  opening  was  7  feet  wide  by 

8  feet  high.     The  object  of  test  was  to  record  the  effect  of  a 

£re  of  2i  boura'  duration  at  a  temperature  gradually  increasiDg 
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to  1800°  F.,  followed  by  the  application  of  water  for  two  minutes 
on  the  fire  side,  with  a  view  to  being  classified  as  affording  "Full 
protection/'  class  A.    The  sununary  of  test  was  as  follows: 

After  48  minutes  the  paper  attached  to  the  north  wood 
post  (12  inches  away  from  face  of  shutter)  caught  fire.  After 
66  minutes  the  paper  attached  to  the  south  wood  post  caught 
fire.  At  the  conclusion  of  2J  hours  the  wooden  blocks  were 
consumed.  Flame  passed  between  the  shutter  and  the  groove 
on  the  north  side  after  85  minutes.  The  shutter,  grooves  and 
gear  remained  in  position  and  were  slightly  damaged.  The 
maximimi  bulge  of  the  shutter  was  3  inches  when  examined  two 
days  after  test.  The  shutter  could  not  be  worked  or  raised 
after  the  test.  Classification  'Full  protection,'  class  A,  was  not 
obtained. 

Kalamlne  Doors.  —  The  rough,  unfinished  appearance  of 
the  standard  tin-clad  door  led  to  attempts  fco  provide  a  more 
architectural  product  for  use  in  the  interiors  of  buildings  where 
appearance  has  to  be  considered.  One  result  was  the  kalamine 
method,  which,  while  producing  work  of  superior  finish,  does  not, 
however,  equal  the  tin-clad  construction  in  efficiency  under 
fire  test.  Hence  kalamine  doors  are  generally  limited  to  interior 
corridors  and  partitions,  and  to  stair  and  elevator  openings. 
They  are  quite  extensively  used  in  office  and  public  buildings, 
hotels  and  the  like.  Kalamine  doors  are  not  approved  by 
Underwriters  for  use  in  openings  in  fire  walls. 

Among  the  better  known  manufacturers  of  kalamine  work 
whose  doors  are  inspected  and  labeled  by  the  Underwriters' 
Laboratories,  Inc.,  are  the  Thorp  Fireproof  Door  Company  of 
Minneapolis,  and  the  United  States  Metal  Products  Com- 
pany, New  York  City.  The  ** Richardson"  seamless  doors, 
made  by  the  former  company,  are  among  the  oldest  and  best  of 
this  type  on  the  market.  These  are  made  of  a  3-ply  built-up, 
cross-construction  pine  core,  covered  with  asbestos  paper,  and 
enclosed  with  sheet-metal,  —  either  steel,  which  may  be  painted, 
grained  to  match  wood  trim,  or  electro-plated  with  copper, 
brass  or  bronze,  —  or  with  solid  sheet  copper,  brass  or  bronze. 

For  doors  up  to  3  feet  4  inches  wide  and  8  feet  hiQ:h,  each  side  is 
made  of  one  continuous  sheet  of  metal,  with  hydniulically  pressed 
panels  made  therein  without  joints  or  seams.  These  face  sheets 
overlap  in  a  groove  on  all  edges  of  the  door,  l)eing  lield  in  place 
by  a  continuous  band  inserted  in  the  groove,  through  which  are 
placed  screws  which  pass  through  the  edges  of  both  Cac<i  ^Isa*^^^. 
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Fig.  141  illustrates  the  construction,  and  also  a  typical  door  jamb 
and  casing  of  kalamine  work.  The  standard  thickness  of  door 
is  2}  inches. 
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Fia.  141.  —  "Richardson"  Kalamine  Door. 


When  doors  wider  than  3  feet  4  inches  are  required,  each  face 
is  made  in  two  sheets  which  are  locked  together  with  a  flush 
double  lock-joint  at  a  central  stile,  as  shown  in  Fig.  142,  thus 
giving  a  double  row  of  panels. 


Fig.  142.  —  Lock-jointed  Central  Stile,  "Richardson"  Door, 

Kalamine  doors  are  also  made  to  receive  plate-  or  wire-glass 
panels;  and  corridor  windows  and  trim  of  kalamine  work  are 
frequently  used  throughout  entire  buildings. 

Although  standard  panel  sizes,  mouldings,  etc.,  are  usually 
employed,  special  details  may  be  executed  in  kalamine  work  at 
increased  cost.  All  hardware,  if  furnished,  is  fitted  to  the  doors, 
etc.,  at  the  factory,  without  extra  charge. 

Fire-resisting  Qualities.  —  The  behavior  of  kalamine  interior 

doors  and  trim  in  the  Kohl  Building  in  the  San  Francisco  fire  has 

previously  been  referred  to  on  page  423.     There  was  suflScient 

evidence  to  show  that  the  doors  and  trim  both  retarded  and  con- 

£ned  the  Gre,  frequently  to  such  an  extent  as  to  confine  the 
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flanius  to  rooms  where  the  fire  Wiiji  enminuiiiratcil  through  win- 
dows. A  g;re:i(  niistiik^*,  h,>w€VPi\  wan  in  ihv  usf^  of  plute-  iiiHlead 
of  whv  j^lass  ill  (he  (Jo<jns. 

Metallic;  Doors.  —  Hollow  Klit^ct-iiiPtal  doors,  when  expertly 
math^,  nndoulitediy  eonstilutf^  the  most  efficient  well-appearing 
door  eonstructlion  whieh  has  yet  been  deviled.  Like  kalamine 
doors,  they  are  not  appmved  by  the  UiHlerwrit^^m'  Labora- 
torJes^  Inc.,  or  by  other  insurance  atilhorities  for  use  in  fire 
walls  ^V'here  severe  expo^sure  is  to  he  exiiceted;  but  for  corridor^ 
partition,  nlair  or  elevator  doors,  no  more  satiti factory  type 
posse^ssing  a  high  degrees  of  finish  can  be,  Kelected,  and  many  of 
the  fine.st  exiiniples  of  thoroughly  fire-reaiating  buildinga  are 
being  equij>ped  with   tins  style  of  doors  and  tdm.     ' 

Among  the  best  known  niantifacturers  of  this  type' are  the 
Dtthlstrom  Metiillic  D<M)r  Company  and  the  Art  Metal  Con- 
etructa>n  Company,  both  of  JarneKtown,  N.  Y.,  and  the  United 
States  Metal  JVoducta  Company^  N.  Y. 
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Fiu,    143.  —  "Dahl&trom"  Metallic  Door. 

The  Dahlstrom  dcKjrs  are  made  from  two  No.  20  gange  steel 
plates,  one  complete  side  stile  and  one  panel  fane  being  formed 
from  each  sheet.  These  two  halves  aie  then  connected  together 
hy  means  of  interlocking  .seams  on  opposite  sides  of  the  tloor  and 
panel.  See  ptiints  marked  "Joint"  in  Fig.  143.  The  panels 
are  lined  with  a  shcH^t  of  asbestos  next  to  the  steel  on  each  side, 
the  center  space  being  filled  with  a  layer  of  haii-felt  paper,  mak* 
ing  a  resilient  and  non -heat-conducting  filling.  The  stiles  are 
left  hoUoiv  with  the  exception  of  ntrips  of  cork  running  through 
the  center  of  efich,  these*  being  for  the  purpose  of  deadening  the 
metalhc  ring.  The  oanel  is  tlien  completed  by  jilanting  on  and 
welding;  priperly  formed  cross  rails  at  the  top  ami  bottom,  or 
if  more  than  one  panel  is  desinxl,  they  are  formetl  by  planting 
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on  [ntemiediatp  rails,  which  are  coped  over  the  moulded  aide 
stiloa.  The  top  und  bottom  edges  are  then  reinforced  with 
channeJa  and  bans,  making  the  doors  perfectly  straight,  and 
very  rigid.  The  fire-re^siHting  qualities  of  thesa  doors  are  greatly 
augmented  by  the  fact  that  no  rivets  or  screws  are  allowed  to 
pass  through  fj'orri  one  side  to  the  other,  thus  avoiding  the  trans- 


\ 


Fits*  144,  —  ''  DaJilatrom  "  Elevator  Doore,  Forest  CUambersi  Apaftmentfi,  N,  Y. 

mission  of  heat.  Especial  provision  must  be  made^  in  making 
the  door*?,  for  the  attachment  of  all  hardware,  and  for  reinforce- 
ment at  such  points.  ^ 
The  doors  are  then  sent  to  the  finishing  department  wherfi'^^ 
the  steel  is  thoroughly  cleaned  from  all  rust^  grease  or  other 
imiHirities  before  the  enamel  coating  is  put  on.  They  are  then 
treated  from  6  to  8  times,  each  coat  being  baked  in  large  ovens. 
After  tlie  final  coat  of  varnish  is  put  on^  the  doors  are  usually 
rubbed  to  an  egg-shelbgloaa  finish,  equal  in  quahty  to  any  hard- 
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wood  finkh,  and  morn  durahle  on  ancouni  of  beiriK  i'aked  on. 
Any  woofl,  Buch  ns  quartered  oak,  Cireassian  walnutj  ett\,  may 
he  faithfully  imitatetl.  The  eorridor  and  partition  doors  and 
trim,  etc.,  in  the  new  Hinger  Building  and  tower  in  New  York 


i*i.  145.  —  "  Dahlatrom'*  Elevutur  Doors,  Forest  CbEmbora  Apartmrnta,  N*  Y. 

ity^  are  of  the  DahLstfom  metalhc  type.      Fig.   143  gives  a 
lotion  thr^iugh  a  typieal  door,   with  four  different  styles  of 
ig)H  (for  trim,  et€.,  see  later  paragraph).     Fig,  144  illustiatea 
;!ie  Dahlstrom  combination  slide-and-swing  elevator  doors,  iw. 
used  in  the  Forest  Chambers  Apartments,  Broadway  and  llStk 
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St.,  New  Yf>rk  City,  G.  and  E.  Blutn.  arciiitects.     The 
doors  are  shown  in  more  detail  in  Fig.  145.     Tlicy  arc  finish 
in  Circasnian  walnut.     The  tninsorn  bar  shfinri  over  llie  doors 
is  nttachetJ  to  the  swing  door,  on  iJie  back  of  uhifh  are  a  track 
and  Itangers  for  the  .slicUng  door.     Wlwu  it  is  *lcsireil  to  nse  the 
full  width  of  the  opening,  the  ali(Ung  door  i«  opooed^  then,  by^ 
opening  flush  bolts  at  the  bottom  of  the  swing  door  and  in  th^ 
end  of  the  transom  bar,  the  sw^ing  door  and  sliding  door  may  bfl 
Bw^ung  open  together. 

•Standard  metallic  doors,  appro vefi  I>y  underwriters  for 
abox^e  im«ritiomKl,  vary  in  thickness  from  l|  to  21  inches. 

For  hospitals,  metallic  doors  are  especially  sanitary'  on  accouni 
of  the  non-absorl>ent  qualities  of  the  leaked  enamel  finishi  They 
are  easily  cleane<l,  and  may  be  made  stdl  more  so  by  eliminating! 
all  mouldings,  making  them  perfectly  flat,  or  with  smooth  de 
press  ions  for  panels. 

Autaitiatically   Clasliig  Doors.  —  Automatic  8teel  rolhn 
doons    have    bfK'ii    desnritted    in    a    previous    paragraph.     Th^ 
following  ndes  of  the  National  Iloartl  of  Fire  Underwriter  cove 
sliding  and  swing  automatic  doors: 

Automatic  iSlidittg  Doors,  —  (fi)  To  be  ^pru'iHcHl  by  th(j 
Underwriters  having  jurisdiction.  To  be  operatet]  by  at  Ici 
one  link  placed  above  the  door  an^i  near  Imt  not  in  contact  with 
the  ceiling.  Wiere  desired,  the  door  may  also  be  arranged  to 
close  by  the  fusing  of  an  additional  link  placed  near  tlie  tup 
of  the  door  opening.  Fnsible  links  to  fuse  f  is  t ween  160  anil 
165°  F. 

(6)  The  fusil)le  hnk  to  be  so  arrangcfl  that  when  it  gives 
way  under  heat  a  sufficient  <?xcess  in  weight  will  be  exeiieil  U^^m 
pull  nnd  latch  the  door  closed.  ]H 

(c)  The  cord  on  the  latch  side  to  be  of  flexible  plnispho^H 
bronze,  securely  attached  to  the  dutir.     The  cord  to  which  Ihe 
link  m  attachccl  may  be  of  the  nsual  form  if  dcsirt^d. 

(d)  The  cord  sheaves  to  he  securely  fiistened  to  tliC  wall 
with  expansion  bolts,  to  be  provided  with  bronze  bearings,  and 
so  constructed  that  the  cord  cannot  jump  the  groove. 

(e)  The  w- eight  on  tlic  side  towani  wliich   the  door 
to  be  Inclosed  in  a  £iuital>le  box  to  prevent  UKdestalion. 

(/)  Latch  to  l)e  provided  with  a  Kui tabic  coiled  spring  for 
holding  it  in  place  and  to  insure  fastenin;];. 

Aniomatir    Swinging    Doffrs    require    a    different    arrange- 
ment of  the  link  and  weights  closing  the  doors.     Weights  to  liej 
properly    boxed    and    placed    lietween    doors.     C'ortls    to    pas 
through  holes  drilled  in  wall  frame  and  to  be  hu  arrangctl 
e/jciix'es  that  the  fusing  of  the  hnk  will  release  sufficient  weigh 
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to  pull  and  latch  the  door  cloeed.  Fusible  links  to  be  placed 
near  the  ceiling  and  arranged  so  that  the  fusing  of  the  link  on 
either  side  of  the  wall  will  operate  both  doors.  Several  links 
may  be  placed  on  either  side  if  desired.  The  cords  closing 
doors  should  be  sufficiently  weighted  to  keep  them  taut  when 
the  doors  are  opened  and  closed. 

Automatic  Swinging  Doors  in  Pairs.  —  To  be  so  arranged 
that  the  right-hand  doors  will  fold  over  left-hand  doors.  This 
re<]^uires  an  automatic  stop  or  tiigger  at  the  top  of  the  doors 
which  will  hold  the  right-hand  door  sufficiently  open  to  allow 
the  left-hand  door  to  close  first.  The  closing  of  the  left-hand 
door  releases  the  trigger  and  aUows  the  remaining  door  to  close. 
The  left-hand  door  to  be  provided  with  spring  bolts  or  latches 
at  both  top  and  bottom.  These  to  be  operated  from  either  side 
of  the  door  by  proper  handles  at  the  center." 


Fia.  146.  —  Automatic  Vertical  Fire  Doors. 


Automatic  Vertical  Doors.  —  Under  special  conditions, 
where  swinging  or  horizontally  sliding  doors  cannot  be  used, 
an  automatic  vertical  door  may  be  arranged  as  shown  in  Fig.  146. 
The  construction  of  the  door  proper  should  be  the  same  as  that 
of  other  fire  doors,  but  special  hardware  is  necessarv* 
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The  cord  connecting  with  fusible  links  is  attached  to 
lower  part  of  door  passing  over  its  proper  pulley  to  the  left  and 
supporting  the  smaller  weight.  Cord  to  be  provided  with  a. 
fusible  link  at  the  bottom  of  the  door  and  also  one  near  the 
ceiling  when  the  door  is  open.  The  heavier  weight  is  perma- 
nently connected  by  a  wire  cable  to  the  upper  loop  at  top  of 
door,  and  is  adjusted  to  prevent  the  sudden  dropping  ©f  the 
door,  but  allowing  it  to  close  when  link  fuses. 

Automatic  Horizontal  Trolley  Fire  Door.  —  In  some  loca- 
tions where,  on  account  of  low  ceilings  or  obstructions  on  both 
sides  of  the  opening,  neither  a  swing,  sliding  nor  vertical  door  can 
be  used,  a  door  may  be  arranged  to  hang  on  sheaves  or  trolleys 
which  run  on  tracks  suspended  at  right  angles  to  the  wall.  Thus, 
when  open,  the  door  is  parallel  to  and  any  reasonable  distance 
away  from  the  wall.  When  installed  for  fire  protection,  a  fusible- 
link  automatic  closing  device  should  be  used.  This  system 
should  never  be  used  unless  absolutely  necessary,  and  then  only 
with  permission  of  Underwriters. 

Fusible  Links  of  the  approved  "Voigtmann"  type,  as  used 
for  automatic  closing  devices  in  connection  with  doors  and  win- 
dows, are  illustrated  at  full  size  in  Fig.  147.    The  link  consists 


Fig.  147.  —  '*  Voigtmann"  Fusible  Links. 

of  two  pieces  of  galvanized-iron  of  the  shape  shown,  connected 
together  by  a  soft  solder  which  melts  at  approximately  165 
degrees.  These  are  approved  where  the  loads  to  which  the 
links  are  subjected  do  not  exceed  5  pounds,  where  a  factor  of 
safety  of  5  ia  required. 
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Where    heavy  loads   must  be    controlled,  weight-reducing 
devices   may   be  employed  as  shown  in  Fig.  148.     Such  de^ 
vices  are  made  for  use  under 
both    horizontal    and    vertical 
puUs. 

Trap  Doors,  closing  hori- 
zontally over  either  elevator  or 
stair  wells,  are  now  seldom 
employed.  Fire-resisting  verti- 
cal enclosures  and  doors  are 
much  to  be  preferred.  How- 
ever, if  used  for  elevators,  doors      ^lo.    1 4  8.  -Weight-reducing    De- 

,  .  ,  J  J      1        1  vices  for  FuBible  Links. 

which  are   opened    and   closed 

by  the  moving  elevator  are  superior  to  other  devices. 

Double  Fire  Doors.  —  Openings  in  any  interior  fire  wall  — 
i.e.,  a  division  wall  between  two  separate  buildings  or  sections 
of  a  building  —  should  be  provided  with  approved  automatic 
sliding  or  rolling  fire  doors  on  each  side  of  the  wall;  or,  when 
acceptable  to  the  Underwriters  having  jurisdiction,  one  door 
may  be  made  sliding  or  rolling  and  the  other  swinging.  In 
other  words,  where  the  exposure  is  liable  to  be  severe,  —  as  at 
a  division-wall  opening  when  one  of  the  sections  or  buildings  is 
well  ablaze,  — ^  no  single  form  or  construction  of  door  now  in 
use  can  be  absolutely  counted  on. 

The  best  we  can  do  in  any  important  case  is  to  use  two 
fire  doors,  one  on  either  side  of  the  wall.  One  will  receive  the 
brunt  of  the  onslaught,  and  perhaps  in  the  course  of  half  an 
hour  or  an  hour  will  warp  or  break  down.  The  second,  shielded 
behind  the  first,  will  stand  up  to  its  work  until  any  ordinary 
fire  is  over.* 

Tin-covered  Doors.  —  Where  the  appearance  of  tin-clad  doors 
is  objectionable,  —  as,  for  instance,  in  department  stores  where 
several  more  or  less  old  buildings  are  connected  by  doorways 
in  party  walls,  —  it  is  customary  to  enclose  such  doors  in  es- 
pecially built  pockets.  These  are  often  made  of  metal  furring, 
metal  lath  and  plaster.  A  party-wall  pocket  for  a  single  sliding 
door  is  shown  in  Fig.  149.  For  double  doors,  the  arrangement 
shown  may  be  dupUcated  on  the  other  side  of  the  wall.  Such 
pockets  also  possess  the  advantage  of  keeping  the  doors  free 
from  merchandise,  shelving,  etc. 

*  Mr.  John  R.  Freeman. 


490        FIRE  PREVENTION  AND  FIRE   PROTECTION 


'k4"lii 


Fig.  149.  —  Party  Wall  Door  Pocket. 

Plate-iron  Doors.  —  Swing  plate-iron  doors  in  pairs,  on  both 
sides  of  wall,  are  shown  in  Fig.  150.  Doors  to  be  of  general  con- 
struction previously  given  for  standard  "Vault  Pattern"  doors, 
also 

(6)  To  have  two  opposite  doors  fastened  together  by  hooks 
of  f-inch  round  iron,  bolts  or  spring  catches  at  top  and  bottom. 

(c)  Right-hand  door  to  fold  over  left-hand  door,  lapping 
at  least  one  inch,  or,  wheie  the  doors  are  flush,  to  fold  into 
rabbet  of  at  least  f  of  an  inch. 


I 


Sted  Rdlivg  Doors.  —  For  openings  not  pxcepriing  8  fret  wide 
and  9  fet^t  hiKhp  where  standard  sliding  doors  c-tirmni  he  used  on 
acroiint  nf  intorfrrenec  wllh  HtainvnySj  elevator  enclorture>ij  etn., 
doiiljle  auturnalin  steel  ndliiig  doors  may  \x  used  if  mounted  in 
tlje  reveal  ori  eaeli  side  of  wall,  overlapping  at  i^ides^  and  spring 
t'ounterlialaneed.  For  .sueli  locations  I  lie  '^\l>acus  Xo,  3*'  doorj 
manufactured  by  the  Kinnear  Man ufaidu ring  Company,  may 
be  used  (.sec  Fig.  151). 

A  very  novel  and  effect tve  arrangement  of  double  steel  rolling 
dooia  has  been  BuggeHted  by  Mr.  James  (1.  Wilson  for  proposed 
use  at  fire-wall  openings  in  storage  warehouse  l>uildiiigs,  large 
department  stores  and  the  Hke.  The  itlea  is  to  eonstruct  Bolid 
mfkwjnry  division  walls  whirh  are  provided  with  arehed  vestibules 
at  all  door  openings,  such  vestibules  to  be  formed  of  double 
mawonry  walls  projecting  into  the  rooms  sis  shown  in  Fig.  152. 
Each  vestibule  would  have  a  separate  ventilating  flue  running. 
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up  in  f>m*  of  I  Hp  wide  piers,  so  that  heat  or  smoke  might  l)e  earripil 
off.  iSteel  rolling  dcxirs  are  appliefl  at  bt^th  entranrGs  to  each 
vestibule  in  such  a  imunier  that  all  fixtures,  grooves,  brackets, 
etc.,  come  within  the  veatibule  space. 


?^ 


\  \ 


L^l  -L^L_,: 


ELEVATION  VERTICAL  SECTION 

Fiu.  151.  ^Double  Steel  Rolling  Do  >r3t  Kiniiear  "AbaouB  No,  3.** 


Fire-resinting  Quntities.  —  Two  sets  of  douljle  steel  rolling 
doors  hfive  been  tested  by  the  British  Fire  Prevention  Committee. 

''Red  Book  "  No.  Ill  describes  a  test  to  record  the  c*fftK;t  of  a 
fire  at  four  hours'  duration  at  a  teraperaturo  gradually  increasing 
to  lHfK}°  F.,  followed  hy  th<»  application  of  water  for  five  mifiute.s 
on  the  fire  side,  with  a  view  to  being  classifietl  as  afforditig  ''  Fiill 
pir?tection/'  claas  B. 
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Tlie  dour  opniimg  was  7  fe<?t  wide  by  8  ffot  higli.  On  either 
Bide  of  the  opening  in  a  H-int^h  wall  wenj  piaeml  '^Kinneftr"  steel 
roiling  doors,     llie  sumnmry  of  teat  is  given  as  follows:. 


Fltle9'^, 


Fio>  152.  —  Double  AutonmLia  Kolling  Doora  with  Arched  Lobbies 


P 

^f  After  two  hduns   Hir   heat   radiated  through   the  Khntti^rs 

began  to  i^t-oreh  a  newspaper  on  a  wooden  fK^st  placed  12  inches 
away  from  the  outrr  face  of  the  onter  shutter.  After  2  hours 
anfl  45  niiiintes,  the  newspaper  and  wood  caught  fire.  No 
flanjes  passed  tJiroUf^h  or  anjund  the  outer  shutter  or  over  the 
hfiod  durku^  ttie  four  honrn  of  the  lest.  Both  the  inner  and 
outer  .shutters,  frames  and  geary  remained  intaet.  The  maxi- 
mum bulge  on  the  inner  shutter  at  the  coneluwion  of  the  test 
did  not  exeee<i  11  inehe.s.  The  maximum  warping  to  the  hooii- 
prott'cting  gear  of  inner  shutter  <lid  not  exceed  S  inches.  The 
outer  shutter  retaitied  its  alignment.  Both  shutters  could  I  e 
easily  wtjrked  and  raised  at  the  coneluaion  of  the  test.  A 
Lireiiknloun  of  the  testing  plant  prevented  chuisification. 

"Red  Book  *^  No.  135  dejscribea  an  exactly  similar  test  of 
**  Wilson/*  steel  roUing  doors.  The  summary  of  test  is  givea  ae 
foliowa: 

At  the  eonclnaion  of  4  hours  (lie  wootien  blocks  with 
paper  attaelietl,  plaeed  12  indies  in  front  of  the  outside  of  the 
shutter,  were  not  hurnt.     No  flame  ptissed  through  or  around 
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the  tiutfr  shytter  or  over  the  hood  (hiring  tlie  four  hour.s  of  ihr 
test.  Bcfth  the  inner  mui  outer  shLittens,  frames  and  pviw  re- 
mained in  p  UK  it  ion,  7  he  Jnaxiinuni  bnlj^e  of  tite  inner  shutter 
at  the  eontluHicm  of  the  te.^t  dh\  not  <^\ceed  6  inrhes.  The 
maximum  warping  of  tlie  liood-protpcting  p^var  of  inner  shutter 
did  not  exceed  4|  inches  at  tti(^  eonclueion  of  the  test.  The 
maxiniujn  buJge  of  the  outer  shutter  at  tiie  eonelusion  of  tht? 
teat  was  |  inch.  Tlie  outer  shutter  rouid  r>e  worked  and  raii^tMl 
at  thf*  conduHion  of  the  test.  C  lassilication  'Full  proteeti(jn,' 
cl:iss  B^  was  obtained. 

Rough  Doar  Frames  and  Sills.  —  Unfimshed  fire  doors 
such  as  tui-ctjvered,  phite-  or  corrugated-iron,  etc.,  may  be  hung 
in  a  variety  of  ways^  but  the  rides  and  requiremcJits  of  the 
National  Board  of  Fire  Underwriters  should  be  carefully  con- 
sulted, eapeeiiilly  as  regards  hardware,  etc. 

Swing  Doarii  may  lie  hung  as  follows: 

{(i)  Against  an  unplai^tered  tirick  wallj  if  ovorlapping  at  mlf^s 
and  top  at  least  4  inches,  hung  to  hinge  eyes  or  so-catled  *' shutter 
hooks"  built  into  wall,  as  shown  in  Fig.  153. 


lIiii.!J''  1  0  t 
Itiiili  hi 


Fio.  153.  —  Swing  Fin*  Door  Hung 
to  llJDgu  Eyes. 


u 

I — Vf   "If" 

4  dip 


Fig,    154.  ^. Swing  Fire    Door   in 
Wall  Reveal,  Hunjt  to  Flinge  Eyi 


(h)  In  reveal  of  opening,  with  angle  iron  to  fonn  rabbet 
cured  by  expansion  tiolts,  hung  to  hinge  eyes,  as  in  Fig.  154. 


^^-^ — h 
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FiQ.   155.  —  SwHinK  Fire  DcH>r  m 
%%'all  Rabbet. 


Fio.    tSO.  —  Swing  Fire  Doqt  Rm 

lo  Augle-iruu  Frame, 
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(c)  In  a  4-by  4-inr!h  truly  built  rabtiOt  in  the  brk'kwork,  sn  that 
door  will  fit  snugly  in  same,  hung  to  hingo  eyas,  as  in  Fig.  155. 

{d}  In  an  angle-iron  rabb(^t,t(Hl  frames  as  is  most  commonly 
[employed,  hung  to  pintk"?^  rivote*!  to  the  frame,  as  in  Fig,  15G. 

(p)  In  a  rabbetteti  chatuiei-iron  frame,  often  employed  in 
I  terra-cK>tta  or  other  interior  partitjoiia,  hung  to  pintles,  or  on 
t  butts  tapped  to  frame,  as  in  Fig.  157. 


-"^"^ — ' — ' cH^ 

J  Fig.  157.  — Swing  Fire  Door  Hung 
to  Channel-iron  Frame. 


B'xatfxJ^'L 


'4  Concrete 


Fio.  1^8.  —  ConcTL'ty  and  Angle 
iron  Door  SilL 


r 


Sliding  Doom  may  be  hung 

(/)  Againat  wtdl,  without  metal  door  frame,  I  mi  eloaing  in 
"binders"  or  socket  knees. 

(g)  Against  wall,  without  metal  door  frame,  but  closing  against 
continuous  metal  8 top. 

(k)  Samtj  US  either/  or  /?,  but  with  angle-iron  or  channel  frame 
added  at  opening  to  protect  jainbs. 

(t)  Against  wall,  surrounded  by  fire-resiating  pocket,  as  pre- 
iously  described. 


SiU^s.  — -  On  account  of  the  number  of  methods  specified. 
Underwriters  having  jurisdiction  should  be  consulted  before 
the  installations  of  silk. 

(a)  To  be  of  concrete  not  less  than  4  inches  in  thieknejis 
and  placed  between  a  3^-hy  B-by  |-ineh  angle  iron  on  each  aide 
of  the  wall  .Angles  to  extend  at  least  6  inehe8  post  the  opening 
on  each  side.  Long  side  of  angles  to  rest  against  the  face  of 
the  wall  and  shoH,  sides  to  extend  out  under  the  bottom  of  the 
d<>or.  Angles  to  be  fastenecl  together  tlirough  the  wall  by  }* 
inch  boltJi^  placed  close  to  each  side  of  the  wall  opening  and  not 
to  ex€ee<l  IS  inchcii  apart  at  any  jjoint.  Bolt^  to  have  nuts  at 
each  end.     iSee  Fig.  158, 

Where  .sliding  fire  doors  are  tise<l  the  upper  face  of  the 
angle  .should  be  notchofl  out  at  one  end  on  each  side  of  the  wall 
or  angles  drillerl  ami  f-incli  bolts  inst billed  ho  as  to  permit  the 
proper  installation  o£  the  stay  roll  for  holding  the  door  m.  t^csbn- 
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tion.    In  new  buildings  this  should  be  done  before  the  angles 
are  installed. 

Where  the  wall  is  rabbetted  for  a  swinging  fire  door,  an 
iron  i)late  not  less  than  f  inch  thick  and  5  inches  wide  may  be 
used  in  place  of  the  angle-iron  on  that  side  of  the  wall,  or  the 
angle-iron  may  be  installed  so  that  the  short  side  extends  into 
the  wall. 

(6)  To  be  constructed  as  specified  in  rule  (a)  and  covered 
by  }-inch  steel  plate  extending  out  flush  with  the  outer  edges  of 
the  angles  on  each  side  of  the  wall  and  held  securely  in  position 
bjr  |-inch  countersunk  machine  screws  spaced  not  to  exceed 
9  inches  apart. 

Checkered  steel  plate  is  recommended  for  the  top  of  this  sill  as 
it  is  less  likely  to  become  smooth  and  slippery,  * 

(c)  To  be  of  concrete  not  less  than  3  J  inches  in  thickness 
and  placed  between  a  3i  X  6  X  |-inch  angle-iron  on  each  side 

of  the  wall.  Angles  to  extend  at 
least  6  inches  past  the  opening  on 
each  side.  The  short  side  of  the 
angle  to  be  parallel  with  and  set 
out  4  inches  from  the  face  of  the 
wall.  The  long  side  of  the  angle 
to  extend  into  the  wall.  Angles 
to  be  fastened  together  through 
the  wall. 

In  new  walls,  two  courses  of 

«     ..«      ^   u  1  j/^        X      J     the  brickwork  to  be  corbeled  out 

Fio.l59.-Corbe^dConcreteand      ^^    ^^      ^^     ^j^^     angle-iron,    the 

Angle-iron  Door  Sill.  ^^^^^     ^^^^^^     ^^    ^^    ^^    .^^^^ 

back  from  the  perpendicular  face  of  the  angle.     See  Fig.  159. 

Where  a  large  amount  of  heavy  trucking  is  done,  the 
concrete  should  be  at  least  6  inches  in  thickness,  the  iron  in- 
creased proportionately  and  three  courses  of  the  brick  corbeled 
out  to  the  outer  edges  of  the  sill. 

In  old  walls  Z-bars  made  of  two  4-inch  angles  |  inch  thick 
bolted  together,  or  equivalent  solid  Z  bars,  may  be  used  in  place 
of  the  angle-iron  and  corbeling.  The  concrete  to  be  not  less  than 
7  inches  in  thickness  and  the  Z-bars  fastened  together  by  J-inch 
wall  bolts  through  both  perpendicular  faces. 

When  sUding  fire  doors  are  used  the  angles  or  Z-bars  should 
be  drilled  and  f-inch  bolts  installed  so  as  to  permit  the  proper 
installation  of  standard  stay  roll  for  holding  the  door  in  position. 
In  new  buildings  this  should  be  done  before  the  steel  work  is 
placed  in  the  siU. 

Where  the  wall  is  rabbetted  for  a  swinging  fire  door,  an 
iron  plate  not  less  than  f  inch  thick  and  8  inches  wide  may  be 
used  in  place  of  the  angle-iron  or  Z-bars  on  that  side  of  the  wall. 

{d)  To  be  of  wrought-iron  or  steel  plate  not  less  than  \ 
inch  in  thickness  on  concrete  support  not  less  than  six  inches 
thick.  Concrete  support  and  steel  plate  to  be  built  into  wall 
at  least  six  inches  on  each  side  of  the  opening  and  extend  under 
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and  flush  with  the  outer  surface  of  the  door.  Three  courses  of 
the  brickwork  under  sill  to  be  corbeled  out  flush  with  the  outer 
surface  on  each  side  of  the  wall. 

Checkered  steel  plate  is  recommended  for  the  top  of  this  siU, 
08  it  is  less  likely  to  become  smooth  and  slippery. 

Where  sliding  fire  doors  are  used  the  steel  plate  should  be 
notched  oiU  at  one  end  on  each  side  of  the  wall  so  as  to  permit  the 
proper  installation  of  the  stay  roll  for  holding  the  door  in  position, 
in  new  buildings  this  shmdd  be  done  before  the  plate  is  installed. 

(e)  To  be  constructed  in  accordance  with  any  of  the  above 
methods,  raised  1^  to  2  inches  above  the  surface  of  the  floor  and 
provided  with  inclines  on  each  side. 

Raised  sUls  are  of  advantage  in  jyreveniing  water  from  run- 
ning through  door  openings  at  time  of  fire. 

Underwriters  having  jurisdiction  should  be  consulted. 

lAntds,  —  A  brick  arch  is  preferable,  but  lintels  made  of 
steel  I-beams  may.be  used  when  installed  and  protected  as  re- 
quired by  Underwriters  having  jurisdiction. 

Stons  or  tinndad  wood  lintels  are  not  approved. 

JftmbSy  Trim,  etc.,  for  Finished  Fire  Doors.  —  The  corri- 
dor, partition,  stair  and  elevator  doors  previously  described 
must,  as  well  as  rough  fire  doors,  be  approved  not  only  as  to 
the  type  of  door  itself,  but  also  as  to  "size,  mounting,  hardware 
and  frame;"  and  a  study  of  the  fire  tests  previously  given  of 
doors  constructed  and  hung  in  various  fashions  will  show  that 
the  question  of  hanging  and  the  type  of  frame  is  often  a  very 
important  factor. 

Cement,  terra-cotta,  metal-covered  concrete,  fireproofed  wood, 
and  cast-iron  trim  have  previously  been  described  in  Chapter 
XIII.  There  remain  to  be  considered  kalamine  and  metallic 
frames  and  trim. 


Fig.   160.  —  Kalamine  Door  Trim. 


Kalamine  Frames  and  Trim   are    usually   furnished  for 
kalamine  doors  by  the  manufacturer  making  the  doot^.    "VJLsiAr 
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mine  doors  are  sometimes  hung  in  angle-iron  or  channel  frames 
without  trim,  but  usually,  where  the  expense  of  a  kalamine  door 
is  warranted,  frame  and  trim  of  the  same  character  are  desired 
for  appearance. 

A  t3rpical  kalamine  door  frame  and  casing,  over  a  rough  wooden 
frame,  are  shown  in  Fig.  141. 

A  better  detail,  combining  a  rough  channel-iron  frame  with 
kalamine  trim,  is  shown  in  Fig.  160. 

A  detail  of  kalamine  window  trim,  as  for  windows  in  an  in- 
terior 4-inch  partition,  is  shown  in  P'ig.  161. 


aiuss 


Fia.  161.  —  Kalamine  Window  Trim. 

Metallic  Door  Trim.  —  Fig.  162  illustrates  Dahlstrom  me- 
tallic trim  surrounding  combination  slide  and  swing  elevator 
doors,  as  used  in  building  at  southeast  corner  of  Broadway  and 


Fig.  162.  —  "DahlBtrom"  Metallic  Door  Trim. 
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77th   St,,   Xew  York.     These  dmirs  are  operated  similarly   to 
those  cJci^crihetl  on  page  4S5. 

Special  Opeiiinf^s^  and  Constr uetlons.  —  Paa^enger  elevator 
jclos/zre  f!o(ir,H  inny  he  nf  ktiliuiiitie  or  Jiietailic  construction  aa 
previously  described,  or  of  iron  and  wire  glasa,  as  described 
in  Chapter  XVI. 

Freight  elevator  encloaure  doors  may  be  made  of  almoet  any 
of  the  typps  previously  described,  in  addition  lo  which  a  few 
Bp*?cial  I'oustructjorvK  may  he  numtioru^d,  as  follows: 

Counter^balanced  (or  Mwker)  dmirs,  as  manufactured  by  tiie 
Richnion(J  Safr^ty  Gate  C'omf)any,  Richmond,  Ind.,  are  applied 
to  the  inside  <jf  the  enc^lotiure  and  are  arranit!;ed  in  tW4i  He<;tiona. 
One  section  slidei^  upwartl,  the  other  downward. 

The  door  can  be  opcnwi  to  the  full  hcif^ht  of  opeiiini^,  and  when 
cloBCti  forms  a  protection  from  fire^  at  the  same  time  affording 
the  employt^s  of  the  building  ample  protection  against  the 
danger  of  an  unguarded  hatchway. 

The  doons  jslidc  on  a  continuous  track  made  of  *'Z-'-bara  or 
angle:^  fa^ierui^d  to  the  inside  of  the  hatchway,  and  are  supported 
by  heavy  cable  chahis  which  operate  over  roller-bearing  slieavea 
riveted  to  the  track.  E)oor8  can  be  made  of  one  or  two-ply  fiat- 
or  corrugatetl-iron  riveted  to  angle-iron  frame,  orot  wood  coveied 
with  lock-joint  tin  set  in  angle-iron  frames.  In  eoimection  with 
any  form  of  ( oust  ruction,  a  closing  device  with  or  without  an 
automatic  check  can  he  furnished  when  desired. 

Vertical  leksvopifig  doors  are  made  in  two  sections^  both 
sections  sliding  vertically.  The  arrangement  of  pulleyfS  m  such 
that  the  lower  vsection  maintains  a  speed  ratio  of  two  to  one  aa 
compared  with  the  upper  section.  The  weight  necessary  for 
counter-balancing  a  door  of  this  ty^e  is  approximately  three- 
fourttis  of  the  total  weight  of  door. 

The  doors  .slide  on  a  double  angle  track  fastened  to  the  wall 
and  are  supportc»iI  by  chains  or  cables  operating  over  roller- 
bearing  sheaves  fastened  to  the  track  and  upper  section  of  door. 
Doors  proper  are  usually  made  of  one-  or  two-pl)^  corrugated-iron, 
surrounded  by  and  riveted  to  angle-iron  frames^  Wood  paneled 
doors  or  doors  made  of  flat  sheets  can  also  be  furnished.  When 
installed  for  fire  protection  the  doors  are  provided  with  an  auto- 
matics closing  de%dce, 

"Peelle"  and  ''Turnover"  doors  are  described  in  Chapter 
XXVI. 
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FIRE   PREVENTION    AND    FIEE   FROTETCTION 

Care  and  Maintenance  of  Fire  Doors.  —  ^'Fire  doorf 
fihould  be  ready  for  instant  use  at  all  times,  therefore  it  is  iieec??- 
Bary  io  keep  the  hsiirroundings  dear  of  everything  that  wotild  i>o 
likely  to  obstruct  or  Interfere  vvitlj  their  free  operatioru  They 
shouhJ  b(!  b^pt  closed  and  fastemHl  at  night  aii<i  on  Sundays  and 
holiilays^  an{l  whenever  the  openings  are  not  in  use.  All  parts 
should  lie  kept  thorough!}'  painted. 

The  following  notice  should  \m  posted  at  eaeh  openini^  pro- 
tecteil  liy  fire  doors,  preferably  Hlenciled  on  each  side  of  the 


Reiiiiirenioiit^  in  Deslp^n. — The  thooreticaJ  ami  prafitieal 
Resign  of  interior  stairway.^  involves  location,  isolation^  capacity 
^d  general  safety,  as  well  as  a  knowledge  of  ei»n»t,rin?tionj4l 
details.  All  of  these  factors  are  matters  of  planninj^  and  design, 
subject,  of  course,  to  local  building  laws  in  force. 
I  Location.  —  Stairways,  to  be  safe  and  efficient,  must  l>e  lo- 
taterl  tit  a  sufHcit  iit  nurnl>er  of  readily  ac^ce.H.sil}le  poUits  t.t>  ac- 
commodate the  fmiximutn  niimhfr  nf  pc^ople  liable  to  use  them. 
(See  "Means  of  K^ress/'  Chapter  IX^  page  ;j(HI,  and  "Capacity 
M  Stairs,"  page  500.) 

'  It  m  a  gi-eat  iiiistEike  to  relegate  stains  to  almost  any  convenient 
location,  and  to  leave  the  layout  or  arrangement  of  the  runs  and 
platforms  to  be  fitted  in  as  may  be  fimnd  i>os.Hible  after  other  les>a 
im|K»rtant  consideration^^  have  been  allowed  to  determine  the 
stair  plan.  The  fact  that  stairs  are  relied  on  for  serviee  in  time 
of  po.ssible  emergency  by  both  occupants  and  firemen  should  be 
sufficient  argoment  to  provide  a  location  at  once  convenient  and 
Haf(%  and  a  plan  which  nhall  Iw.  simple,  without  unnecessary 
windings  or  eonfusing  turns;  in  fact,  aa  simple  and  safe  a  con* 
struct  ion  as  may  be  fie  vised. 

[  The  lighting  of  a  stair  weil  will  often  determine  its  location, 
but  it  must  always  l>e  borne  in  mind  that^  in  city  blocks,  the  dan- 
ger from  external  im^  Is  usually  quite  as  gi'eat  as  the  danger  from 
internal  sources.  Stairways  are  very  apt  to  be  lighted  from 
exterior  courts  or  areas  reserved  from  th  lot  limits  for  the  pur- 
pose of  light  and  ventilation.  These  may  be  of  very  restricted 
dimensions,  thus  bnnji;ing  the  windows  very  near  a  dangerous 
neighboring  risk.  The  safest  possil>le  (*xposiuT^  should,  therefore^ 
-be  chosen  for  windows  lighting  sliur  wells;    facing  blank  walla 

SiAirwttys  in  thentefs  and  kpIiooIb,  etc..  requiTft  trioi^  or  less  apecial  treat-* 
dent,     llencc  compare  with  ('haptora  XX [I  and  XXIII, 
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FiQ.    163.  —  Circultir  l^tair.'^  amutKl  ctidoHMiJ  Eluvalor  8hEifL 

the  surrounding  vviiUri  inriy  he  made  o1  briek  or  tile  if  the  plan 
provider  IVir  an  ample  ligld.  well  dcmu  the  center.     If  the  Mtim 
nni5*t  be  wholly  or  largely  lighted  from  mljaeent  floor  areius,  mctd^| 
anfi  wire  glass  partitions  beeome  uecessaiy.  ^1 

Stairways  should  never  surround  elevator  sluifta  if  any  other 

i/jf/ependent  location  is  possible;   but  if,  on  aeeouiit  ot  limited 

room  or  for  other  reasons ,  a  stairway  must  surround  an  elevator 
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wellroom,  a  firp-ir^sb^tinR  and  Bmoke-pronf  partition  fthniilil  sep- 
arate one  from  the  other,  Fig.  163  ?^liovvrf  it  circular  stairway 
Buirounding  an  em-Iosei]  i-levator  Hbaft,  ha  uhocI  in  the  tower  of 
the  Park  Row  BuildinK,  New  York  C'ityt  11,  H.  Il4>lH*rtson, 
areliitoct. 

A  clf^ver  expedient  an  to  tlie  liicatinn  an<l  treat mi^nt  of  stairway 
was  carrietl  out  by  Messrs.  l*<!ai)ody  and  StearnSj  architects,  in 
the  Chandk-r  store,  Boston.  This  waa  to  plaee  the  stainvay 
iminediatrly  next  to  the  two  passenger  elevator  welb,  iMjparating 
the  stands  from  the  elevator  shaft  by  a  brick  wallj  but  treating  ttie 


Fio.  164.  — Stairway  adjauetiL  to  Elevator  WelL 

op*»nlng  of  the  stair  well  on  to  the  various  floors  exa(?tly  like 
the  adjacent  elevator  fronton,  as  shown  in  Fig.  IM.  Thus  the 
iron  pihisters  antl  cornice  surrounding  the  elevator  openings  are 
also  carried  up  the  sides  and  across  the  heads  of  the  stair  openings, 
the  latter  being  closed  by  means  of  standing  panels  and  sliding 
doors,  all  of  same  design  as  the  elevator  front,  the  doors  being 
kept  open  by  means  of  fusible  links.  The  appearanee  from  the 
floor  side  is,  therefore,  that  of  practically  three  elevators  side  by 
side,  but  in  case  of  any  sudden  rise  of  temperature  on  any  floor, 
the  melting  of  the  overhead  fusible  link  would  lilierate  the  sliding 
stair  well  door,  which  would  then  close  by  gravity. 
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I^alatlan  of  Stair  Wells.  —  The  importMnee  of  enclosing 
vertical  opcninR^i  sueh  ha  i^tair  and  elevator  Hhafls  has  f>reviously 
been  pointal  out.     See  "Vertieal  Openings/'  page  ;ir2. 

Many  praetic^iil  or  commercial  considerations  make  it  extremely 
difficult  to  rcconeik  tlie  unquestioned  theoretical  advantages  of 
isolatefi  stair  w€11h  with  the  disadvantages  arising  from  such 
isolation;  for  when  the  rcquiremeTits  of  adeqmvte  fire  protection 
seriously  interfere  with  the  conventional  architeetural  treatment 
of  tlie  huiiding  or  with  commercial  necessities,  the  adoption  of  any 
innovationfi  to  secure  such  ends  is  almost  inipossiljle  to  obtain. 
Thus  in  office  and  public  Ijuildings  tlie  usuul  consiiicuous  loca- 
tion of  the  main  stairway  and  grille-work  elevator  enclosure  has 
resulted  in  making  these  items  among  the  most  prominent  archi- 
tectural features  of  the  interior  design,  and  when  investors  in 
this  cliuss  of  property  are  vying  with  one  another  to  provide  rii 
and  inviting  int-eriors  to  attract  tenants,  the  relegating  of  stai 
and  elevators  to  isolated  and  protected  enclosures^  separat 
from  the  main  corridors  by  means  of  fire-resisting  doors,  would 
by  many  be  coiisidc*red  the  height  ut  folly  and  unnecessary  pi 
caution. 

Again,  in  retail  stores  or  other  commercial  centers,  large  unol) 
stmcted  and  easily  accessible  areiu^  an^  demainied  to  create  the 
impression  of  magnitude,  to  present  to  the  vision  many  alluring 
displays,  and  to  rendci-  the  interior  appointmeiiU?  attractive  tuv 
artistiCj  regardless  of  safety  in  time  of  possilde  panic. 

But,  in  apite  of  the  plea  that  appearance  and  commercialii 
are  quite  as  important  as  safety,  it  is  still  unquest  ioinibly  li 
that  stair  and  elevator  shaftis  should  l>e  completely  kulated  froiH 
the  floor  areas  Ijy  inc^ans  of  fire-resisting  pailitioiis  and  fire  doors^ 
esptx'ially  in  all  buildings  accommodating  large  miiubei's  of 
people,  and  that  such  stairways  should  i)referably  have  inde- 
pendent connection  with  the  sidewalks. 

SiainvQys  and  Exits.  —  No  building  should  ha^^e  less  than 
two  stairways  i-einote  from  each  other  and  enclosed  in  firc!proof 
shafts  with  fire  doors  at  communications  to  floors.     Additional 

t^ stairways  should  be  provided  when  necessary  so  that  no  point 
on  any  floor  will  be  more  than  90  feet  from  a  stairway.  Other 
approved  meaiii!  of  exit  such  as  protected  openings  throiigh  fire 
watls  may  replace  to  advantage  one  or  more  stainvays.  Revolv- 
ing doors  if  used  should  be  in  addition  to  the  necessary  exit  doors. 
There  was  only  one  coiitinuous  stairway  m  the  Equitable 

Building.     Tho  fire  soon  cut  off  access  to  it  on  the  upper  floors, 
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ttnd  the  first  collapse  of  the  floors  carried  away  part  of  the  fltair 

I  landing.     Hud  the  fire  orrpurrrd  diiriiiK  busioesw  hours  the  [oaa 

Icif  life  would  probably  have  bfH'n  appalling.     As  it.  liapp^nied^ 

[three  j>ersoni<  on  the  U|>per  floors  were  traj»iKHL     They  jumped 

into  Cedar  Street  and  wf^e  killed,   ,   .  , 

This  fire  furnishetl  further  evidence  of  th£»  fact  that  the 
fire  department  catuiot  be  exjM'Cted  to  fight  firea  effectively  above 
the  5t  h  floor  of  buildings  excejit  by  means  of  yrnokeproof  towera 
and  (>-ineh  or  larger  j>tandpipes  conveniently  accesiiible  thereto.* 

!  Unless  dijstinctly  required  by  the  4ocal  building  laws,  it  is 
still  only  in  occasional  instance;?  that  such  stairways  are  pro- 
vided, even  in  sfHcallecl  fire-nisistiiiK  buildings.  But  building 
ordinances  are  gradually  requiring  the  extension  of  this  principle 
to  all  structures  liable  to  contain  many  people,  and  at  ]emi  one 
stairway  is  now  often  required  to  be  enclosed  within  fire-resisting 
walLs  for  all  puch  buildings  a«  hoteb?,  apartment  houses,  stores, 
factoriejs  and  office  buildings.  As  to  sehooihousej*,  opinions 
differ  regarding  the  cutting  off  of  atair  wells,  aa  is  pointed  out  in 
Chapter  XXIII,  page  747, 

I  Enclosing  Partitions.  —  In  buildings  containing  any  ma- 
terial fire  hazard,  the  enckisures  around  vertical  openings  are 
second  only  in  imj^ortance  to  fim  walls.  The  latter  prevent 
horizontal  communiealiori  of  fire;  the  former  prevent  the  vertical 
spread.  Hence  stair  enclosures  in  such  buildings  should  be  made 
of  a  construction  which  will  adequately  resist  the  sovert^Bt  po.^sible 

I  lire  and  water  test  to  which  the  .structure  may  be  subjected,  and 
their  construction  shoulfl  esfjeeially  possetis  rigidity  and  staL>ility. 
Rigidity  is  necessary  for  the  proper  mounting  of  fire  do(jr8. 
Thin  plikster  partitions  or  any  form  of  bloek  partitions  are  not 
satisfat^tory  from  this  standpoint,  as  Bucli  constructions  possess 
little  rigidity  uniejss  braced  liy  metal  door  buckSt  etc.  Such 
metal  reinforcements  are  liable  to  buckle  under  fire  te^t,  thus 
destroying  the  eflScient  mounting  of  the  fire  doors* 

Stability  is  necessary  to  prevent  damage  in  the  wellrooms  of 
either  stairs  or  elevators,  caiised  by  the  falling  of  partition  ma- 
teria!. Experience  in  the  San  Francisco  fire  showed  that  block 
partitions  frequently  caused  the  wreck  of  i^tairwavH,  aud  damage 
to  mechanical  equipment  by  falling  tli  rough  the  elevator  shafts 
to  the  basement.     Hence  solid  masonry  partitions  of  brick  or 

[  of  reinforced  concrete  are  decidedly  preferable. 

'  *  Rtiport  on  Fir«  in  ibo  Equiiablu  Building/  by  F  J,  T.  Stewart^  Sypeilo* 
tendcQt,  New  York  Board  of  Fire  Underwriters. 
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Metal  and  Wire  Glass  Enclosures.  —  Any  stair  encIoFure 
coiisistinj^  f>f  !L  nif'tnl  framework  filled  in  with  wire  gloiss,  oven 
although  eoiiiplf  t.ely  iSurroiinJinfp  the  stairs  and  hin(lmp;a  at  r^ach 
and  evc-ry  Moor,  can  only  Im?  rateil  as  partial  proteetion.  Such 
nonstruction  is  not  eompamhh?  hi  efficiency  to  either  brk'k, 
reinforced  concrete,  or  to  substantially -lirai-e^J  leiXva-cotta  par- 
titionii,  but  where  considerationa  of  appearance  or  light  preclude 
the  use  of  opaque  enclosures,  the  vertical  fire  hazard,  if  not 
eev^ere,  may  be  practically  eliniimited  by  tlie  use  of  wire  glass 
partitions  with  automat  i<^  firo  (iiM)rs- 

The  frameworks  of  sueh  eneloaurca  should  preferably  be 
c(LSt-iron,  as  cast  metal  will  resist  distortion  by  heat  far  better 
than  steel  shapes.     A  tj^iic^il  examples  has  been  illustrated  ia 
F\^.  164,     iSimiUir  enclosures  have  been  used  in  many  of  th^jH 
latest  exaitiplc^s  of  fircvrasisting  hotels,  dcfjariment  stores,  ete^H 
Galvanized-iron  frames  in  combination  with  plate  gla^a  have 
been  used  in  some  instances,  bvit  such  constructions  would  prov^^™ 
practically  worthless  uiuler  hrt?  toHt.  ^M 

Parllal  Enclosures*  —  If  the  exigencies  of  the  building  plan 
or  design,  or  considerations  of  expense  absohjteJy  prohibit  the 
bolation  of  stairways  in  thoroughly  tin^resisting  enclosures, 
several  exix^dients  may  be  adopted  to  insuie  the  eutting-off  of 
one  floor  from  another,  thus  preventing  the  si  air  well  from  acting 
as  a  horizontal  means  of  fire  eomrnumeation.  Thii3  a  fire- 
re^isting  enclosure  around  the  stair  well  at  every  alternate  floor 
will  prevent  the  well  from  acting  as  a  vertical  fine,  provided 
fire  doors  (held  open  by  raeaiis  of  appmvetl  fusible  links)  are 
placed  at  the  start  of  the  flight  going  up,  and  at  the  landing  or 
top  of  the  flight  leading  down.  If  such  enclosures  are  placed 
on  the  seoondj  fourth,  sixth  stories,  etc.,  an  ornamental  open 
staircase  may  stUl  be  retained  in  the  first  tiiory;  l>ut  this  make- 
shift renders  the  stairs  of  no  value  as  a  fire  escape,  and  decidedly 
insecure  for  nae  b}'  firemen. 

Another  form  of  partial  enclosure  for  straight  runs  of  stairs 
may  be  made  by  plaeing  a  fire  door  at  the  head  of  each  flight  of 
rtaira  and  then  filling  in  the  spaces  l>etween  the  floors  and  the 
soffits  of  the  stair  strings  with  piijiitions.  Such  partial  enclo- 
sures of  metal  framework  and  wire  glassaie  illustrated  in  Fig.  165. 
This  expe<Iieot  is  also  sufficient  to  eliminate  the  vertical  hazard 
under  very  moderate  conditions,  but  tlie  value  of  the  stairwa 
an  &  Bre  escape  is  alight. 
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Fig.  165.  —  Partial  Stair  Enclosure  of  Metal  and  Wire  Glass. 

Improper  Enclosing  Walls.  —  A  common  mistake  in  stair 
design  and  location  lies  in  confounding  incombustibility  and  fire- 
resistance,  as,  for  instance,  enclosing  what  should  be  a  fire-re- 
sisting stairway  within  an  exterior  wall  made  of  cast-iron  and  glass. 
Such  enclosures  are  frequently  seen  —  sometimes  of  a  semi- 
circular shape,  protruding  from  tlie  main  wall  of  the  building, 
often  into  a  court  or  area;  or  even  as  an  integral  part  of  the 
structure  itself,  where  the  front  and  rear  portions  of  the  building 
are  built  to  the  full  lot  dimensions,  and  conne(;ted  near  tlie  center 
of  the  lot  area  by  a  connecting  passageway,  narrower  than  the 
front  and  rear  portions,  thus  leaving  light  and  ventilation  courts 
on  either  side.  Such  constructions  sometimes  have  a  load-carry- 
ing framework  of  steel,  which  is  simply  faced  or  ornamented  by 
cast-iron,  but  the  detail  is  also  common  of  making  such  designs 
entirely  of  cast-iron  columns  with  facias  or  ornamental  panels 
at  the  various  floor  levels,  so  arranged  as  to  provide  tlie  largest 
possible  window  areas,  the  whole  construction  being  thus  exposed 
to  possible  external  or  internal  fire.  Many  examples  of  such 
design  may  be  found,  in  which  the  sole  means  of  exit,  viz.y  the 
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Htairways  and  eleviiUirs,  are  placed  within  unproteeled  frame- 
works of  cjisViron  and  glass ,  regardless  of  the  character  of  the 
neighboring  buildings  abutting  the  light  court-s.  If  such  adjacent 
etructures  are  dangerous  risks  and  severe  fire  endues,  the  expan- 
sion and  warping  rif  the  expoftini  framework  and  the  failure  of 
the  window  areas  is  ahnont  sure  to  result.  The  ultimate  efFeet 
will  he  the  stoppage  of  elevator  ser\' ire,  and  the  distortion  or  un- 
safe condition  of  the  stairway,  if  not  the  complete  wTecking  (^f 
this  portion  of  the  building.  That  such  a  possibility  l^  not  merely 
theoretical  speculation  is  sufficiently  attested  by  the  aetion  of 
such  cast  frameworks  in  several  well-recorded  instances.  In  the 
side  court  of  the  Home  Life  Buildings  where  the  brunt  of  the  fire 
occurred  through  the  buniing  of  the  fwljaeent  lower  building, 
the  expansion  of  the  cast-iron  sills  and  lintels  under  and  over 
the  w^indowa  lighting  the  stair  well  and  elevator  shaft,  was  suffi- 
cient to  force  18-inch  brick  piers  about  an  inch  out  of  line,  and 
to  develop  cracks  in  the  masonry  from  the  same  cause.  Had  the 
construction  l)een  of  cast-iron  and  glass  onh%  without  masonry 
walls,  far  more  distortion  and  damage  would  undoubtedly  havc^ 
resulted.  " 

For  such  design.^  in  metal  construction  cast-iron  is  much  to  be 
preferred  t-o  steel t  as  the  cast  metal  will  retain  its  shape  under 
severe  heat  far  l>etter  than  thin  facings  or  frameworks  of  steel; 
but  a  much  better  and  safer  method  it*  to  design  all  ornamental 
facings  or  coverings  so  that  their  warping  or  displacement  will 
not  affect  the  integrity  of  an  inner  protected  or  fireproofed  loa 
carrying  framework. 

Reliable  Stair  Supports  Necessary-  —  If  stairs  are  sur- 
roundeil  by  brick  or  concrete:  walls,  ali  stringer  bearings  may  he 
made  in  and  upon  such  walls;  but  if  metal  lath  and  plaster  or 
block  partitions  are  employed,  such  constructions  cannot  be 
relied  upon  for  weight  bearing,  ^is  hose  streams,  falling  debris 
or  other  causes  may  result  in  damage  or  dislodgment  sufficient 
to  endanger  or  wreck  the  entire  stair  construction.  With  such 
partitions  the  wall  strings  must  be  supported  from  the  steel 
frame,  either  by  means  nf  hangers  from  the  beams  above  or  by 
struts  from  the  lieams  below.  ^M 

It  should  not  be  necessary  to  aild  that  the  larrying  nf  appa^^l 
ently  fire-r  sisting  stairs  upon  non-fire-renisting  supports  is  little 
short  of  criminal,  yet  the  writer  recalls  several  instances  in  which 
expensive  iron  and  marble  stairs  have  been  carried  by  wiKden 
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beams  in  tlie  floor  cortstmction.     Fire-res is^titiit?  nUiire  dependinK 

upon  such  sijppfjrtH,  or  ataitt^  with  non-fire-n»>>i8titig  fitior  lantj- 

ingB,  are  worse  than  the  cheapest  kind  of  inflammable  wood 

BtringB  and  platforms,  for  in  the  latter  ease  the  firemen  at  least 

I  know  at  a  glance  that  such  constnictions  are  not  to  be  trusted. 

Planning  of  8talrs«  —  Considering,  now,  the  detailed  design 

and  eoniitnietion  of  fire-resisting  Btairs  a^  ordinarily  provided^ 

it  wiU  he  seen  that  the  general  pUm  or  arrangement  la  dependent 

I  upon  the  amount  of  available  space,  and  upon  the  height  between 

floors.     But,  whatever  the  eonditionn  of  space  and  height,  it  ia 

[further  necesaary  to  obser\T  certain   limitations   aa    to  width, 

►  rij*e  and  trejui,  and  arrangement,  in  order  that  the  ataira  t>e  ejisy 

( and  safe  of  use  and  roomy  enough  to  accommodate  a  maximum 

travel  in  one  direction,  or  to  permit  the  comfortable  passing  of 

those  going  in  opposite  directions. 

Capacity  of  Stairs.*  —  From  data  given  in  Chapter  XXII 
under  a  discussion  of  qiiick-emptidng  test^  in  theaters^  it  is  very 
apparent  that  most  buildings  eontiiiniiig  any  considerable  num- 
ber of  persoriH  (jsave  theaters,  etc.,  designed  and  built  under  a.*^ 
ample  provisions  for  entrance  and  exit  stairs  as  are  recommended 
in  the  propi>8ed  standard  ordinance  of  the  National  Fire  Protec- 
tion Association)  are  sadly  deficient  as  to  capacity  of  reliable 
exit  stairs.  Applying  the  same  methcKl  of  ealeulation  to  mer- 
cantile buildings^  as  for  instance  a  department  store,  we  shaM 
obtain  re.svdts  which  make  apparent  the  justice  of  Mr.  Porter's 
criticism  regarding  ''unemptiable  buildings." 

Thiis^  assume  a  amall  departtnent  store  of  six  stories  above  the 
ground,  with  but  one  stairway.  Such  a  one  as  the  \\Titer  has  in 
mind  often  has  by  aetual  count  as  many  as  2tX>  persons  on  any 
of  one  or  more  floors  on  days  of  special  sales.  Then,  by  the 
method  of  calculation  followed  for  theaters,  the  width  of  that 

200 
flight  of  stairs  should  be  „       ,^  or  about  8  feet.     As  a  matter  of 

fact  the  actual  width  of  stairs  in  the  building  assumed  is  about 
4  feet.  But  even  this  deficiency  of  100  per  cent,  in  the  stair 
,  capacity  does  not  make  any  allowance  for  the  people  coming 
K  down  from  the  floors  almve.  Properly,  if  the  building  were  to  tie 
H  emptie^l  in  two  minutes,  every  Htory  of  that  jstore  should  be  pro- 
'  vided  with  a  separate  stnirway  to  the  street,  each  to  be  8  feet 
wide.  Or,  if  two  equaUy  iiccessiblc  stairways  per  story  were 
•  See  also  "  Capacity  of  Fire  EMoapea,"  it&ge  533. 
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provided,  each  should  be  of  suflScient  capacity  to  accommodate 
two-thirds  of  the  persons  on  a  floor,  or  the  width  of  stairs  would 

2  X  200 
have  to  be  ^  ^  .o  ,  or  5  feet  each,  still  disregarding  other  stories. 

The  capacity  of  stairs  serving  several  stories  of  average  height, 
of  a  width  capable  of  permitting  two  persons  to  pass  abreast,  is 
given  by  Mr.  Porter  as  30  persons  per  story.  Assuming  that  a 
4-foot  stairway  will  accommodate  three  persons  abreast,  the  limi- 
tation of  occupancy,  or  the  maximum  safe  allowable  number  of 
persons  per  story  for  the  example  assumed  above,  would  be  45. 

Of  course  neither  the  stair  capacity  shown  to  be  necessary  by 
the  above  calculations,  nor  limitation  of  occupancy,  to  the  extent 
indicated,  is  possible  of  attainment.*  Nevertheless,  "it  is  the 
surplus  people  above  the  capacity  of  the  stairways  who,  in  fire 
casualties,  have  been  the  ones  who  have  either  jumped  to  death 
or  been  burned  up,"  and  it  is  this  surplus  over  the  usual  stair 
capacity  which  must  be  provided  for  by  either: 

1.  Added  stair  capacity, 

2.  adequate  outside  fire  escapes,  or 

3.  "6i-sectional,"  fire  walls,  as  described  in  Chapter  IX. 
Sooner  or  later,  all  building  ordinances  must  demand  at  least 

one  of  these  requisites. 

UsiLal  Width  of  Stairs.  —  The  clear  width  of  stairs  used  for 
ordinary  light  traffic  should  never  be  less  than  three  feet.  In 
special  cases  of  minor  stairs  to  boiler  rooms,  sub-basements,  etc., 
used  at  infrequent  intervals  only  by  employes  of  the  building, 
this  width  may  be  reduced  to  two  feet.  For  stairs  subject  to 
considerable  use,  as  in  office  buildings,  a  minimum  width  of  four 
feet  is  preferable,  while  for  public  buildings,  such  as  schools, 
theaters  and  the  like,  a  width  of  five  feet  (unless  specified  wider 
by  building  ordinance)  is  more  satisfactory  for  emergency  use. 
Further  data  respecting  stairways  in  schools  and  theaters,  etc., 
are  given  in  Chapters  XXII  and  XXIII  respectively. 

Safety  of  Stairs.  —  When  considered  from  the  standpoint  of 
ordinary  service,  or  from  the  standpoint  of  emergency  egress, 
the  safety  of  stairways  is  dependent  not  only  upon  the  width, 
but  also  upon  the  questions  of  rise  and  tread,  turns  and  "wind- 
ers,"  and  intermediate  platforms,   etc.      Building    ordinances 

•  The  bearing  of  limitation  of  occupancy  upon  capacity  of  stairways  and 
fire  escapes  is,  however,  being  seriously  recognized.  Compare  with  New  Jerseyi 
1911,  factory  laws,  pages  534  and  811. 
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usually  cover  full  ret|uireiiientH  a8  to  these  featiirftfl  for  theater 
IjuiUlingH,  but  equal  eonaitleratiDii  ia  necessary  in  uny  other  type 
k  etnicture  liable  to  contain  njany  persons. 
m  BIse  and  Tread*  —  The  ease  ami  safety  of  a  stair  is  dependent 
H)on  the  rise  and  tread  employed,  quite  as  m\ieh  aa  upon  the 
width  or  plan.  The  rise  or  vertieal  distam^i  between  steps  must 
not  be  too  great  for  eainy  goiupf,  nor  must  the  treads  or  steps  be 
too  small  or  narrow  to  comfortably  receive  the  foot.  An  onlinary 
and  very  satisfactory  rule  fur  general  usage  Is  to  make  the  «um 
of  the  rise  and  tread  about  17 i  inches,  a.s  Ihe  higher  the  riser  the 
less  tread  is  usually  required  for  the  foot.  Thus  for  an  etisy  and 
wide  public  stairs  a  rise  of  6|  inches  would  be  comfortable  with 
a  tread  of  11  or  12  inches;  an  office  stairs  would  be  easy  with  a 
riBe  of  74  inches  and  a  tread  of  10  inches*  Another  rule  is  to 
make  2  X  rise  +  trea^l  =  24»  or,  subtract  the  sum  of  two  risers 
from  24  inches  to  obtain  the  width  of  tread  in  inches.  For 
general  practice,  or  where  room  is  not  distinctly  limited,  8  inehea 
should  be  taken  as  a  maximum  ritiert  and  8  inches  as  a  mini- 
mum tread*  A  good  height  for  ordinary  risers  is  6|  inches  and 
for  treads  10|  inches*  Diffenmt  widths  of  tread  or  different 
heiglita  of  risers  should  never  be  employed  in  one  and  the  same 
flight,  UB  the  going  up  or  down  stairs  becomes  largely  a  mechanical 
operation^  and  any  sudden  change  in  tread  or  riser,  especially  the 
latter,  serves  to  derange  the  expected  step  up  or  down,  residtiag 
in  jar  or  even  possible  danger. 

k Winders.  —  Other  points  to  he  considcre«  J  in  the  ease  or  safety 
a  gen<^ral  layout  are  involved  in  the  use  of  platforms  or  winders, 
tinle-ss  some  form  of  curved  or  spiral  stairs  is  usf»d,  turns  from 
one  direction  to  another  must  be  accomplished  either  by  intro- 
ducing an  intermediate  landing  or  platform  at  the  turn,  or  else 
using  **  winders/^  that  is,  risers  which  approximately  radiate 
I  a  post  or  newel  at  the  angle  of  turn.     Ordinarily,  platforms 
far  preferable  to  winders,  both  on  account  of  safety  and  on 
aunt  of  therr  use  as  resting  placcj^,  Ijut  winders  are,  neverthe- 
8,  very  commonly  employed,  especially  where  a  given  nund>er 
risers  must  be  accommodated  to  a  given  area  of  widlroom. 
Imders,   in   many  cities,   are  expressly  forbidden   for  use  in 
beaters  or  public  buildings*    The  New  York  law  is  perhaps 
typical  in  requiring  that  "stairs  turning  at  an  angle  shall  have 
a  prf>per  landing,  without  winders,  introduced  at  said  turn.*' 
When  winders  are  used  they  are  commonly  ina<lc  one  inch  wide, 


wm<ier  troatla,  on  the  travel  line,  about  equal  to  the  o 
trcml. 

The  writer  knows  of  tt  case  where  a  curved  or  elliptic 
way  wa.H  built  in  a  large  department  store^  with  win 
narmw  near  the  balustrade,  and  of  ^i  rapid  a  pitch, 
became  necessary  to  construct  a  f»econdary  hand  raj 
18  inches  inside  of  the  iron  stair  railing  to  keep  the  line  o 
on  a  path  where  the  tr^ad^^  were  sufficiently  wide  for  safe 

IntermedlaCe  Platfarms*  —  Even  where  not  diatind 
essary  for  turns,  Home  building  oidi nances  require  inten 
platfonTkH  or  landings?  in  public  assembly  and  theater  bu 
Thus  for  buildings  used  mi  places  of  ''worshijit  instmc 
entextainmont/*  the  C'hit^ago  law  specifies  that  '^no  si 
shall  ascend  a  greater  height  than  eleven  feet  without 
landing,  which,  if  its  width  is  in  the  direction  of  the  rui; 
stain?,  shall  not  be  leas  than  three  feet  wide^  or  which,  if  a1 
of  the  stairs,  shall  not  be  of  kisa  width  than  that  of  the 
The  Boston  law  states  that  "  there  shiill  be  no  flights  of  a 
more  than  fifteen  or  less  than  three  steps  hetwo^^n  Ian 
The  New  York  law  requires  *' proper  landings  introduced 
venient  d  istanc*^ , ' ' 


lan  <»f  Htrin|j;('rs  or  ^^uptuirtinc;  ineinlK^rH  must  bt^  taken  for 
nil  inclined  lf'ng;ih  betwwii  «npp(irlH.  It  is  only  in  extreme 
that  any  particular  attention  need  be  paid  by  the  arcfiitect 
e  ealeuliitiun  uf  the  stringem,  and  even  then  it  is  lK58t  left 
e  judgment  and  d(*sign  of  a  reputable  roneem  familiar  with 
construction.  In  ordinary  cjiscr  the  iirchitceturiil  propor- 
tlesircd  will  give  strinjgcns  of  greater  strength  than  ncttially 
red. 

Details  of  Iron  Stairs 

pes  of  Iron  Strings.  —  The  type  of  stair  construction 
termine*!  hy  the  design  of  the  face  string.  A  "ekh*ed'* 
I  fsompletely  covers  and  hides  the  end.s  of  the  treads  and 
,  while  an  *V)pcn"  string  m  below  the  treadi?  and  riscra^ 
allowing  them  to  project  over,  and  to  show  a  finiah  on  the 


dinary  Construcdon:  Clos^  Strings. —The  cheapest 
limplest  form  of  f"l<iseil  face  string  consists  of  a  i^teel  plate, 
i  inside  of  whitrli  are  riveted  light  angles  or  cast  step  brackets 
ly  about  IJ  inches  by  li  inches,  thu.H  forming  lip.«i  or  flanges 
3eive  the  treads  and  risers.  For  ordinary  rise  and  tread  a 
ton  to  twelve  inches  wide  will  suffice  to  project  slightly 
*  the  nosing  lines  of  treads  and  to  extend  far  enough  below 
ottoms  of  riners  to  allow  the  attachment  of  the  .shi*lf  angles, 
ight  traflic  and  not  excessiv^e  spans  this  width  of  string  will 
ly  give  sufficient  strengih,  provided  the  thickness  Ls  not 
icd  ijeyond  gftod  practice,  Pliite*^  of  a  thickness  leas  than 
)urth  inch  should  never  l)e  iL*ied.  Plate-injn  strings  are 
tiitable  for  hciivy  loads  or  long  spans,  as  they  possess  little 
1  strength.  Ornamentation  may  be  secured  by  apply- 
het-iron  rosettes  to  the  string  face  at  intervals,  or  by  run- 
eaat-  or  drawn-mouldings  along  the  edges,  or  by  planting 
iingd  un  the  faf:^c  of  string  so  as  to  form  a  panel,  as  shown 
[.  106. 

reQuinxl,  lateral  stiffnct^s  and  increased  capacity  may  be 
3d  by  riveting  top  and  bottom  arigkyi  to  the  outside  of  the 
[er  plates,  thui*  forming  a  clmnnel  section,  or  as  is  still 
er  and  better,  a  channel-iron  may  be  usetl  for  the  string, 
bimel-iron  string  may  be  ornameute^d  b^-  means  of  applietl 
ron  roeettoB  or  other  ornaments,  but  a  still  more  finished 
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appearance  may  be  secured  by  applying  cast-iion  mouldings  in 
the  angles  of  the  channel,  and  also  at  the  ends  against  the  newels, 


Brass 


Wall 
String 


Fig.   166.  —  Stairs  with  Closed  Plate  String,  Perkins  Institution  for  BKi . 
Watertown,  Mass. 

thus  forming  a  paneled  face  which  can  still  further  be  enriched 
by  applying  rosettes  within  the  panel.  Channel-iron  strings  of 
these  types  are  largely  used,  especially  in  office  and  mercantile 
buildings. 

Where  considerable  ornamentation  is  requinxl,  or  even  when 
simple  mouldings  alone  are  used,  closed  strings  may  be  made  of 
cast-iron.  It  is  often  thought  that  the  comparative  unreliability 
of  cast-iron  makes  this  metal  unfit  for  any  save  very  short  runs, 
but  if  the  work  is  executed  by  a  reliable  foundry,  used  to  stair 


I  Tig,  167  shows  an  ornamented  csisViron  string,  ornamented 
cast-iron  risers,  and  marble  treads  am!  platforms.  Fig*  IftS  showa 
how  cloJiied  cast-iion  strings  of  separate  flights,  leading  in  opposite 

'  directions,  may  be  roiiKtrueted  sa  as  to  lie  in  the  same  plane, 
joining  at  the  newel  at  piatform  level.     In  all  of  these  forma  ol 


Strings  with  Succcsaive  Kiinii  in  Sarne   Plitno. 


•'Eox"  Strings.  —  The  mtjst  elaborate  and  expensive  form  of 
dosofi  iiwe  strini^  is  the  *' boxed"  sort  km,  which  may  be  employed 
where  a  very  llea^*y  or  massive  const rucrliotr  Is  to  he  iritlicated. 
This  is  usually  madn  of  some  form  of  supporting  steel  string, 
etllier  a  single  plate,  platt^  and  angleiiT  channel  or  I-beam,  sur- 
rouncJed  cither  wholly  or  in  pait  by  an  ornamental  eui^t-iron  box* 
ing  or  facing.  Thus  Fig.  1G9  shows  a  string  made  of  a  plate  an<l 
angles,  with  a  fast-iron  moulded  casing  applied  on  the  outside. 
The  bottom  bar  of  the  railing  eover.s  the  joint  between  the  two. 
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Angle  lirackcts  nre  riveted  to  tlie  stfn:*! 

string  to  receive  the  ero«8  an^leii  which 
\  BUpport.  the  mari>le  treiuls  atid  riners. 
Fig.  170  sliovvs  a  still  more  elaborate 

string,  where  tfie  siippcirlinK  ("hatuicl  \h 

not  visible  after  tiic  rompli'tjon   fif  the 
'  Biaira,     The  inside  cast-iron  i'ov<*rinK  i^ 

miule  of  the  '*eut''  or  ''notehetr'  funir, 

to  follow  the  line  of  the  treads  and  risers, 

A  cent4»r  .string  and  also  the  sofEt  furring 

for  plastering;  are  irulicaied. 

Open  Strings.  —  The  simpleflt  type 
'  of  open  string  is  constructed  of  a  bar 
I  or  plate  witli  angle-iron  «tep  brackets  riveted  along  and  above 

the  upp-^r  edge.      Ai^  this  givf't^  a   cheap   an<i    imfmiBlied   ap- 

peiirance,  the  use  of  such  atrings  is  generally  limited    to   hre 

tscHpes  nr  to  lear  service  staii-:^  of  the  cheapest  character*      A 

stronger  and  bcttt^r  apprariiig  eoiiHlruction  is  shown  in  Hg,  171, 


Fio.   169.  —Box  String. 
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Fio.    170.  —  Bam  String. 


where  ca.st-iron  step  liraekeis,  plain  or  panelrd^  are  placed  upon ' 
the  iipixT  flange  of  the  channel  string.  Sitnilar  east  ntep  brackets 
may  also  be  used  over  1-beairi  strings  to  support  marble  treads 
ami  risers.  In  both  eimes  the  brackc^ts  are  rebated  to  receive  the 
angle  irons  which  carry  the  treads  and  risern.  This  is  the  ordi- 
nary construction  for  entrance  steps,  where  the  eonstmctioii  ia 
entirely  below  and  hiddtm  from  sight. 


I 
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An  open  string  in  Cii,st-iron  h  sliown  in  Fig.  172.  The  marble 
tnnuJs  in  Buoh  (?ti«t\s  art?  uBually  mmlo  to  project  slightly  over  tho 
face  of  the  string,  with  rounded  edges,  thus  giving  a  pleasing 
finish  and  ornamental  appearance.  ITnleaa  made  very  deep, 
such  open  or  "cut"  strings  in  cast-iron  must  be  limited  to  com- 
paratively short  ispunM,  as  the  strength  of  the  string  must  be 
measured  from  bottom  of  riser  to  bottom  of  string* 


Fig.    171 


-  Open  Wtrirjg. 


Wall  Strings,  or  those  strings  (doming  against  the  wall  Bur- 
fuees,  may  l>c  mad(^  of  st(H  1  plates,  8te<4  clmnnelH  or  cast-iron, 
li  the  wall  is  unplastered,  plate-iron  strings  may  lie  placed  directly 
r  against  the  wall  surface;  but  if  the  wall  is  to  be  pkistered,  the 
wall  string  must  fje  arranged  to  act  as  a  stop  for  the  plaster. 
This  may  be  accomplished  by  using  channel-iron  strings^  in 
which  case  the  flanges  of  the  channel  are  placed  hard  against 
the  masonry  wall^  the  plastering  finishing  down  to  and  up  to 
the  upper  and  lower  flanges ;  or  by  using  plate-iron  strings  with 
filler  blocks  behind,  as  in  Fig.  ItK).  Light  angles  are  often  used 
in.stead  of  filler  t)locks»  A  still  more  finislied  aiipearanoe  may  be 
Becured  by  using  top  and  bottom  mouldinc;sT  eith(*r  applied  to  a 
plate  as  in  l-'ig.  l(U>,  or  made  as  a  portion  of  a  east-iron  string. 

Plastered  Soffits.  ^-  If  the  stair  aotfit  or  ceiling  is  to  be  plas- 
tered, lugs  should  be  cast  on,  or  fight  angles  should  be  fastened  t 


Fig.  172.  —  Open  Blrirtg  a^  u?!cd  ui 


-  change*  N.  Y, 


Ititerniedtate  Strings,  —  For  very  wide  stairs,  center  or  in- 
lermediate  wtriiigs  are  ne(!«3sary.  These  are  usually  ma^le  of 
beams  or  rhannelH  with  csirft-iron  step  braekets,  ag  previously 
destjribed,  and,  if  the  soffit  iii  to  be  plsistered^  the  outside  slring3 
must  be  made  Mufficiently  dee^p  to  Hue  with  the  bottom  of  the 
wuNt  string* 

Newels,  —  The  exeell(*nc<^  of  dotuil  in  stair  conatruetioa  is 
I'lrgely  depetidi'iit  upon  the  newel  or  past  tlctail.  As  the  newels 
iKTurat  the  strhi^  interseetions  anci  furni  the  means  of  (sinneeling 
Llip  strings  of  diflereut  runs,  they  may  eitfier  tien'e  to  hiile  what 
ft'ould  otherwise  prove  unsightly  construction »  or  else  aggravat^j 
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the  urLsightlineaa  by  making  the  necessary  lugs  or  iKjitetl  foniipp- 
tionii  more  prominent.  Except  in  the  vt^ry  cheapes^t  construc- 
tion^ where  gas-pipe  newels  avii  frcciiiently  employed,  ne\\els  iira 
made  of  cast-iron,  cored  hollow,  and  paneled,  flLited  or  modeled 
as  may  be  desired  for  architectural  effect.  They  may  be  CiUit 
whole  in  one  piece,  except  the  caps  and  drops^  which  arc  bolted 
on  to  the  top  and  bottom  afterward;  they  may  be  ca^^t  in  two 
halves  which  are  ni'terefl  together  at  opposite  corners;  tliey  may 
have  the  base  slotted,  so  aa  to  fit  over  antl  around  the  ntrinjj;; 
or,  where  cast-iron  face  strings  are  used^  the  newel  base  is  sonii> 
times  cast  on  and  as  a  portion  of  the  string.  In  the  lalter  case, 
the  separate  shaft  of  newel  is  fastened  to  the  bjise  by  means  of 
long  bolts  whichj  when  drawn  up  tieht,  make  apparently  one 
piece  of  the  Ijase,  the  shaft  and  the  cap  anti  cJrop  pieces. 

Connections  of  strings  to  newels  may  be  made  by  nifians  of 
lugs  or  flanges  cast  on  the  newels  to  receive  the  entj^  of  strinfrs, 
or  angle^iron  knees  at  ends  of  strings  may  be  *' tapped"  to  the 
newels, 

Various  newel  designs  are  shown  in  Figs.  166,  167  and  168. 

Risers*  —  Risers  may  be  made  of  wrought-iron  or  steel  platcaH, 
coat- iron,  slate  or  marble,  For  cheap  serv^ice  stairs,  and  es- 
pecially in  outside  fire  escape  design,  risers  are  often  onutted 
entirely^  but  this  Ls  not  to  be  advised  where  anything  better  than 
a  ladder  construction  is  desirwl.  The  eheajJest  form  of  metal 
riser  is  sheet-iron  about  J  inch  thick,  the  plates  being  flEingcfl  or 
bent  at  top  and  bottom  to  connect  with  the  treads.  The  more 
ordinary  riser  is  of  cast,-iron,  which^  if  showing  in  the  construc- 
tion, may  readily  be  ornamented  by  paneling  the  face,  or  by 
moulding  such  ornamental  design  as  may  be  desired  (se<^  Fig.  167 
wdiere  the  conventiona!  (ireck  border  is  used  iis  ornamentation). 
Cast  risers  are  usually  made  about  J  inch  to  i^  iiu-h  in  thickness, 
with  flanges  or  lips  along  the  top  and  bol  foin  for  the  stjpport.  or 
connection  of  the  treads.  If  metal  treads  are  use<l,  they  are 
bolted  to  these  flanges  on  the  risers^  while  if  marble  or  slate 
treads  are  employed,  the  riser  flanges  are  often  cast  with  three* 
or  four  small  lugs  or  projecting  knob.s,  about  i  inch  diameter 
and  \  inch  highj  over  whieli  the  treads  are  fitted.  Perforate;! 
cast-iron  ri.sers  are  often  used  for  architectural  elTect,  or  to  per- 
mit the  passage  of  light;  or  they  may  be  used  Ijehind  marble 
risers,  tluLS  showing  a  marble  finish  from  the  front,  and  an  iroa_ 
pattern  over  marble  fiom  the  rear. 


ma  an  iroi^i 


Treads  and  Land! tigs*  —  Tr-afls  m:iy  l>e  of  c!ist,-inm,  h;la(e 
or  rnarhlo.  In  vvvy  <!hcjip  ccinslrurtioii,  like  outaidt?  lirt*  e.HciiiDes, 
gating  treads  of  flat  or  roiinri  bars  are  often  unod.  Tho«e  of 
cast  motal  are  from  i*^  inch  to  J  inch  in  tiiiekness,  unually  cast 
with  miindwl  no?iinKs  along  the  expoHied  edges,  and  with  *'ehef'k- 
ered,"  *^ corrugated"  <ir  ''diamond  pattenr^  surfiicej  so  ronghened 
to  provide  a  more  seeun*  foothcjid  than  would  be  pro\  ided  by  m 
f^mooth  mL*tal  surfaee.  Cast-iron  treads  may  be  Ijtdtrd  to  the 
flang(*8  jirovided  on  the  .strings  and  risers,  or  flanges  may  be  ea-st 
on  the  ends  of  the  treads,  t  brongh  wliifh  t)olted  (!onnec!tions  may 
be  made  direet  to  the  strin^^i. 

Where  marble  treaiis  and  risers  are  used,  it  is  also  neecssary  to 
provirje  some  form  of  wTought-  or  ca^'it-iron  riner  as  a  support^  tm 
marble  risers  should  never  be  coasidered  as  having  any  earr>dng 
capaeity.  This  may  b(^  aceomplishcnl  eittier  by  nsing  viwil>le 
pt^rf orated  cast  risers  tis  above  de,scribed,  —  falsfi  risera  of  cast- 
iron  behind  the  innrble  rincrs,  as  shown  in  Fig.  170,  — or  else  by 
using  angle-irtm  stjppojt^s  whieh  may  or  may  not  nhovv* ,  ac*cording 
m  the  soffit  is  open  or  phistered-  Angles  are  arranged  as  ^ihovvn 
in  Fig.  171,  being  phiced  at  l>oth  the  front  and  laack  edges  of 
treadSt  and  eiiieiilated  for  the  whole  tread  load.  The  angles 
should  ho  stiflf  enough  to  racist  deflection,  so  as  to  avoid  the 
possibility  of  craeking  the  marl^le  work. 

Slate  or  marble  treads  arc  usually  speeificHt  of  a  thickness  from 
li  to  2  inches,  witli  rut>bed  surfaces  and  with  rounded  nosings  on 
all  exposeti  edges.  They  are  usually  Ijedded  in  black  ptitt^'  or 
plaster  of  Paris,  antl  this  will  generally  make  them  stHmre^  t's- 
pefually  if  lugs  or  dowels,  cast  on  the  front  riser  HangeSj  are  let  in. 
They  are  sometimes  fast<?ned  by  means  of  wfxid  screw.Sj  driven 
from  below  into  wood  plugs  let  into  the  treads. 

liandings  or  platforms  are  made  of  cast-iron,  sbite  or  marble, 
'If  of  civstz-iron,  mediimi-sizcd  platforms  may  be  strengthened  by 
means  of  stiffening  riV>s  east  as  a  part  of  llie  platform  plate  on 
the  under  side.  Larger  areas,  aLs<i  slate  and  marhlt!  platforms, 
are  supported  ]>y  means  of  tec  irons ^  which  are  framed  from  string 
to  string,  or  from  riser  to  string, 

IJtirel lability  of  Slate  and  Marble  Treads  and  Platforms. 
—  Probably  the  most  ordiiuiry  defect  in  sf>-called  fire-rc-sisthig 
fitairs  lies  in  the  improper  use  of  slate  and  marble  treads  and 
platforms-  These  arc  generally  supposed  to  be  fke-resiating  in 
themselves^  but  abundant  experience  hiis  proved  the  contrary. 


522         FIRE   TREVENTION    AND    FIRE    PROTECTION 


A  specific  exmiiplf^  ^if^currod  in  the  burning  of  the  Temple  Court 
and  Manhatlau  Saving.^  Bank  buiblings  in  New  York  Citj% 
where  "the  slate  treads  «if  the  stairways  yiold*^!  to  the  heat, 
leaving  the  stairciise  with  openings  the  full  i^ize  of  the  troatls, 
thus  nmking  th?  Btairs  impassable/'  Thin  hre  oceurred  in  lS9i 
and  the  foregoing  criticism  is  quot.e<l  from  Enginexring  News 

Other  similar  experiences  have  been  recorded,  one  of  which 
resulted  in  the  death  of  a  fire  department  captain  in  the  New 
York  City  scrviee.  The  fire  in  question  occmred  in  1903  in  thi 
Roosevelt  Building,  Broadway  and  Thirteenth  street,  Xew 
York.*  The  main  stairway,  in  the  central  portion  of  the  build- 
ing, wae(  of  metal  construction,  but  with  marble  treads  and 
platforms,  unsupportcfl  by  metal,  except  along  the  bearing 
edges.  Thede  treads,  in  the  sixth,  seventh  and  eighth  stories, 
Tvere  subjected  to  a  high  temperature,  rci^ulting  from  a  severe 
fire  in  this  portion  of  the  building,  and  subsequently  enormous 
volumes  of  wj^ter  were  poured  into  this  stiiir  shaft  by  the  fire 
department.  Toward  the  end  of  the  fire,  a  captain  of  one  of  the 
fire  companies,  in  backing  his  hose  stream  out  of  the  sixth  or 
seventh  .'^tory  upon  the  supposedly  safe  stair  landing,  fell  throudi 
the  cracked  and  disinte^ated  marble  slal>,  and  thence  through 
the  successive  platforms  in  the  stairs  of  the  lower  stories  to  the 
basement  of  the  building.  The  fall,  of  course,  resulted  fatally, 
and  subsequent  examination  failed  to  determine  whether  the 
marble  platforms  were  first  broken  through  by  falling  rool 
debris,  caused  by  unprotected  roof  columns^  or  whether  th< 
marble  slabs  had  been  so  cracked  and  weakened  by  fire  that  the; 
failed  to  support  the  weight  of  the  fireman,  who,  in  falling  from 
such  a  height  broke  Ituough  the  plaifomis  below.  In  either 
case,  ihe  members  of  the  fire  department  haci  a  right  to  expect 
fire-rPsi^Hfig  stair  construcHoti,  and  had  the  marble  treads  and, 
platforms  been  placed  over  and  upon  sub-treads  of  iron,  it  isj 
extremely  irniJruljable  that  they  would  have  })een  broken  fJtromjhfi 
even  by  falling  de'fjris. 

8ub-treads  under  Slate  and  Marble.  —  Notwitlistanding 
the  fact  that  such  experiences  iis  the  foregoing  have  proved  them 
wholly  unrelialilo,  unsupported  slate,  bluestone  or  marble  treiwb 
and  platfornLS  may  lie  found  in  many  public  biuldings,  hotels, 
apartment  houses  and  offiee  liuildings;  and  it  ^vas  not  until  the? 
revised" building  laws  of  Greater  New  York  were  put  into  effect, 
*  jSee  Chapter  VI,  page  152,  for  further  deatTipliuii  of  thk  Bm, 
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In  190Q,  that  this  fundampnial  rlpfoft  Wrts  rw^ogniseil  by  the 
■building  lii\v»  of  any  hirgp  city,     Tho  fault  is  {*niirrly  diie  to  the 
Ipivvalprif  ecmKtrurtion,  uliich  ij*  .simply  to  j'pst  the  ninrhle  or 
sbte  treads  and  ptittforniH  u]mn  the  Hjht  flant^es  or  cmss-hearing 
tingles,  iind  upon  the  Hani^es  cast  f»ri  or  ri\'oted  to  the  strings. 
To  rnnkn  the  oonstnudion  iHTfcrtly  wafe,  ami  even  niore  oni'i- 
mental  ami  jjIciL^hig  in  tlie  CiiHc  of  optni  or  expiwed  sofhus^  re- 
quire.** only  that  cast-iron  sul>-treadrt  or  phitfiH'ins  In-  UK<:'d  ttmUr 
the  iuarf>le  or  Kilatc,  of  some  op<*n  or  perforatefl  ptitteni,  thu^ 
showing  the  marble  surfat-^  through   the  ornamented   dt^ign. 
Then,  if  fire  occurs  severe  enough  to  crack  or  cnimble  tlie  marble 
treads,  there  will  «till  remain  the  east  under  tread^^  aw  a  firm 
8Upp<irt.       If    pla."tered  sotiit«  an^*   useil,  plain   plate-iron  gwt)- 
trcads  and  landing  Hurfaeeji  may  be  u.setl  at  less  expense. 

The  pn^ent  New  York  hiiilding  law  re^inires  the  following 
provisions  for  the  support  of  AixU^  or  si  one  sitair  trea^Llsj: 

In  all  buildings  hereafter  erected  of  more  than  seven  stones 
in  height,  whem  the  treads  and  landings  of  iron  stairs  are  of  slate, 
marble  or  fit  her  stone,  they  nhall  earh  be  Kn|>ported  tfirectly 
underneath,  for  their  entire  length  and  width,  l>y  an  iron  plate' 
made  Hohd  or  having  openingn  not  exc^wding  four  inches  square  in 
same,  of  adequate  strength  and  securely  fast-ttned  to  the  strings. 
In  case  such  supporting  |dateH  l>e  made  solid,  the  treacLa  may  be 
of  oak,  not  le^is  than  1 1  mche8  thick. 

In  the  writer's  opinion,  this  law  sihnuUl  apply  equally  well  to 
buildings  of  a  hei??lit  less  than  seven  stories. 

If  th(>  expense  of  both  iron  and  marble  or  shtte  tread?  is  con- 
sidered too  great,  the  staircase  should  then  be  made  with  cast- 
on  treads  and  hui dings, 

^Safety  TreadSi — If  of  cjist-iron,  all  treads  and  landings 
bould  prc^feraiily  ^>e  provided  with  some  form  of  safety  tread. 
Such  non-slip]i]ng  treads  are  made  of  combinations  of  lead  with 
gnxived  steel  plates  or  wire  netting.  These  are  manufactured  in 
varying  widths,  both  with  and  witliout  nosing?^.  The  strips  are 
usually  4,  5  or  G  inches  wide,  extending  the  full  length  of  the 
tread  to  within  about  3  inche,s  from  the  string  lines.  They  are 
screwed  to  the  cast-iron  in  recesses  or  "rebates,'*  cast  in  the 
treads  and  latulings.  Mjirblf^  treatls  are  also  often  provided  with 
safety  treads.  The  ** Mason"  Hafety  Trci^d,  manufactured  by 
the  American  Mason  Safety  Tread  Company  is  most  widely 
usied. 
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Asphalt  and  Rubber  Treads,  etc.  —  For  schools  and  similar 
buib lings,  tlie  Irmuls  and  landinj-^s  are  often  "rebated"  to  a 
BiifRcicnt  depth  find  over  suflicient  areas  to  receive  a  thin  Isiver 
of  iit^phali  or  otlier  phLstic  mtxteriaLs,  tliuB  securing  a  non-.slipping 
and  f^low-vvcaring  surface.  See  Fij^.  166.  In  hospitals  and  hke 
builchfigs,  where  noise  and  ense  of  goiiig  nre  impoi  tant  consid- 
erations, the  cnsi  tread.^  and  platforms  are  often  rt^bated  for  cork 
tile,  or  for  rultber  mats.  The  latter  may  he  made  either  tjf 
smooth  or  corrugated  rubber  in  sheets*,  or  of  some  interlocking 
pattern  of  small  piecoi^.  The  latter  form  may  be  otitained  in 
several  colors  and  of  pleasing;  designs. 

Railtngili  and  Hand  Rail;^.  —  Railings  are  required  around 
all  wt^ll-hole  openinij;s,  and  vn  all  open  stih^^  of  the  stair  roiia. 
The,^e  may  he  constructed  according  to  the  architect'.n  fancy, 
front  plain  upright  square  or  roimrl  bars,  spacetl  one  or  two  to  a 
tread  (a^  in  Fig.  166),  to  very  elaborate  designs  in  cast  or  wrought 
iron.  The  only  [joitits  necessary  to  care  for  iti  the  design,  save 
coKt,  tire  st  ifftiesH  and  height.  The  railings  should  be  stiff  en<iugh 
in  the  desipn,  or  else  be  bnvced  often  enougli,  to  resist  the  pres.«ure 
of  persons  leaning  against  them,  and  the  height  shoulil  be  such  :is 
to  make  the  top  rail  at  a  convenient  lev^el  for  the  gra^p  of  the 
hand.  A  height  of  3  feet  is  usually  prcvidcd  from  the  center  of 
the  tread  Ui  the  to[)  of  Hie  han:l  raiL 

Railings  usually  rest  on  the  top  of  the  string,  being  fastened 
thereto  by  means  of  tap  screws,  and  are  also  secured  to  the 
newels.  Fig.  172  shows  a  rail  made  of  cast^-inju  panels,  with 
wrought  balusters  which  run  down  and  into  cast  sockets  secured 
to  the  string  face.  Figs.  167,  and  168  sfiow  ornamental  rails 
executed  in  cast-iroiL 

Hand  rails  are  usually  of  wfiofl,  but  are  sometimes  made  of 
ga.s  pipCf  especially  for  service  stctirs  or  those  in  boiler  rooms,  etc. 
They  ar(^  fasienetl  to  the  top  bar  of  the  railing. 

Wall  Ralls.  —  Wall  liand  rails,  secured  to  bronze  or  iron 
brackets  projecting  from  the  wall  surfacf^Sj  are  u.sually  specified 
on  wide  ."Stairs  subject  to  considerable  traffic,  and  especially  fot: 
theater  or  public  stairs, 

Fasclas.  —  ^^Fasclas"  or  '' casings''  must  be  provided  to  cover* 
those  exposed  portions  of  the  floor  construction  showing  in  the 
wellroora.     These  are  usually  paneled,  or  of  the  same  face  design 
as  the  strings,  and  extend  from  tlie  plaster  ceiling  to  the  finished 
/foor  line.     The  bottom  line  of  fascia  usually  hajs  a  ".stop" 
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flange  against  wliich  the  phustcr  ceilini*  fini?<hcs-  TIk*  top  edge 
oFfiiacia  L*  somctiinos  rarrird  ubove  llir  [It Kir  litio,  thii«  forming  a 
base  mcraher  for  tlio  level  fl<K)r  niilinj?. 

T<*rra-c"jtta  Block  Stairs,  —  In  tlie  mi>«id  fire-ro^istiDg  builH^ 
inja;  of  the  Underwrilens'  Ijabomtonf^s,  Iiiroifioratpdt  Chirago, 
the  stain^'avH  are  I'orit^triicted  of  witmoth-fitush  hollow-tile  bloeks 
of  the  shajio  shown  in  Fig.  17H.  Each  f<tep  I'onsists  of  a  ony- 
piece  block,  rniuie  with  tnonlded  nosing,  and  of  siifficienl  length 


ri«.   173,  —  Ti/rra-cLiLta  Block  Stftira, 


to  K^ve  a  4-f(>ot  clear  stairway  after  the  ends  arc  V*uilt  into  the 
surrounding  w^alls  or  partitions.  A  central  Gi-iach  doidde'tile 
puriition  separates  the  runr*^  Ihun  diKpen^ing  with  I lalustmdL*. 
The  landings  aie  alsf)  vonstruL'ted  of  tile. 

A  construction  similir  to  the  alxjve,  except  that  the  step 
blocks  were  built  into  ^tJrronnding  partitions  around  one  side  of 
f?t.air  well  onljt  wan  prevtoui-tly  used  (19(K>)  in  the  Amelia  Aparl- 
mentK,  A);n>Ti,  Uhiu. 

Guastavinci  Stairs,  —  I^^or  buildings  of  a  monumental  char- 
acter, such  a"?  art  museums,  librarie>%  slate  and  municipal  build- 
ings^ etc.,  masonry  stair  conHtnietion  h  often  desired  as  more  in 
koi^ping  mill  the  arehitoctural  toffee t.  In  many  such  eases,  an 
well  as  in  buildings  of  k's*«  importance,  the  Guasta%dno  stair 
system  has  bc^jn  adopted. 

For  rectangular  wells  this  eOnstiuetion  consists  of  a  series  of 
supfrinipoaerl  catenarian  arcliPHj  with  rough  masonry  treatlg 
built  thereon  for  the  receipt  of  the  finished  treads  and  rir-ers. 
Fig.  174  illustrates  one  of  the  eighty  flights  eon^structed  (IDll) 
in  the  wool  warehouses  of  the  Boston  IJdiarf  ("ompnuyi  Boston^ 
Mass.     Pjaeh  arch  consists  of  twt;  courses  of  tile,  on  w^hich  rough 
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In  circular  wells,  coBtiituoufl  spiial  flights  are  constructefi? 
Both  types,  although  very  light  in  appesimnce,  have  been  thor- 
oughly tested  iiH  to  ntronj^th,  and  a  liuinber  of  sueh  constmetion 
have  safely  enflured  sevrre  fire  test*:;* 

Cooerele  Stairs  may  be  constructed  of: 

1.   The  ttlab  method,  consisting  of  inclined  slab«  of  reinforc 
concrete  with  the  stei^^  moulded  on  top  thereof;  or 
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2;  The  girder  method,  in  which  inclined  girdcm  of  reinforced 
concn?t«  are  iLsed  a^  Htringw,  with  tiie  stepB  foniied  between. 

The  first  (nethod  la  more  commonly  employed,  especially  for 
runs  not  over  S  to  If)  feet  in  length  mejvsured  on  the  slope.  Fig. 
175  *  illustrnti?H  a  j^tair  of  this  type  used  in  the  Walter  Baker 
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Fig.   175.  — Concrete  Stairs,  Waiter  Daker  Co/a  Building,  Boaton. 


Company's  Building,  Boston,  while  Fig.  17i5  also  illustrates  a 
sliib-methoti  concrete  staii-s,  a8  used  in  the  Uiiitcid  States  .\aaay 
Office,  New  York.  For  audi  examples,  a  slab  thickness  of  5 
inches  measured  at  the  foot  of  the  riBers^  as  .shown  in  Fig.  i76» 
is  sufficient  for  a  run  of  half  the  height  of  an  ordinary  story. 
The  principal  reinforcement  consists  of  |-inch  round  rofbi  spaceil 
6  inches  centers,  hcjoked  over  the  floor  and  landing  beamSj  whil«^ 


*  Oaurleay  of  Aberthaw  CoastniotWu  Cwni^Mvs 


528 


FIRE   PREVENTTON   AND   FIRE   PKOTECTTON 


l-'mvh  rounii  crosa-i^tJffGning  rods  nre  pluced  18  inchea  centers, 
wired  lo  alto  mate  longitinlinal  nids. 
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F^a.  1 7  B.  —  Concrete  Stairs,  U.  S,  Assay  Office,  N,  Y. 


In  the  aiirdor  mctliod,  two^  or  for  a  wide  stnirwayj  three  longi- 
tudinal girdei^  are  used.  Thtr.se  are  [irf^portiont^i  as  for  concrete 
Ijeams,  with  longitudinal  roinfttrcing  rods  near  the  soffits^  while 
rroas  reinfortu^ment  Ls  placed  from  girder  to  girder  at  the  foot  of 


eacli  riser. 


Fire  Escapes. 


4 


Ref|Ulreitieiits.  —  By  fire  escapes  we  usually  mean  those 
au?tiliary  meanrf  of  emergency  egres??  which  are  provided  in  a 
buikling  over  ami  above  the  stainvays  demanded  for  ordinary 
service.  Strictly  speaking^  fire  escapes  shoidd  not  be  required 
in  intelligently  designed  fire-resisting  buildings,  as  the  ordinary 
means  of  egress  should  be  both  ample  and  safe  enough  to  suffice 
in  themselves  for  usual  service,  emergency  egress,  and  emer- 
gency access.     But,  as  huB  been  previously  shown  (see  '*  Means 


^ress,*'  page  300,  and  '*Criptteity  of 
ways  am  genr^rally  designee  I  without  much  rofen-nce  to  thtnt 
vulue  as  eiiif^rij^oiiry  exits,  and  with  r^veri  li^ss  roft^x^nre  in  their 
capacity  imiltT  ornprfj;eii('y  rfuidiliims.     llrnrc  (in*  cvseapt^s  be- 
ctime  nnct*As:iry  to  pnividv: 

1.  Tlie  surphiK  pjj^nvss  oaptK^ity  r(H[uire<l  over  and  al)ove  the 
regular  stairways. 

2.  A  second  means  of  exit  where  only  one  atnirway  is  pro- 
vided, and, 

3.  In  some  instances,  qa  m  scho(jls  and  warehouses,  etc.,  for 
the  access  of  flrem(*ii. 

Fire  escapes  may  1m^  lin^ated  either  on  the  interior  or  exterior 
of  a  huiiding,  but  in  either  t'tu^c,  tliree  ret]uisites  are  necessaryi 
i?M.,  safety,  un<jl>.stru<'tetl  fuitlet^  and  access  to  roof. 

Interior  or  Tower  Fire  Escapes.  —  The  best  type  of  interior 
fire  escape  is  the  so-called  Fiiilaiielphia  Tower  Staij's,     These 


Fire  Door 
Bal<;oriy.  Solid  Floor 


0{K3nlfiff  111  Face-Wuli 

Vcatlljulo  FliMji'  of  FU-uiu'ooI 
Coufttnidlluu 


Fig.   177.  —  Tower  Firu  Escape.        Fio.  178,  —  Towor  Fire  Eacapo,  Ves- 
tibule Type, 

consist  of  a  stairway  enclo5ied  by  walls  of  Irrick  or  other  approved 
fire-resisting  materiab  and  isolated  from  the  several  fJoors  of  the 
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huilding;.  exrejil  for  an  fjlerior  huleony  at  eaok  fliwr  levels  whicsh 
forms  a  moans  of  communication,  through  the  open  air,  between 
the  stair  tower  and  the  interior  of  building  (see  Fig.  177).  The 
baiconios  should  have  .^olid  flijors  and  subritantial  railings,  and 
be  constructed  of  iron  liircnighout. 

yfstibuk  Typts.  —  Figs.  17S  and  179  ilki.slrate  improvements 
over  the  type  shown  in  Fig.  177,  in  thai  iaterior  or  covered  vesti- 
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OiHjninff  In  Face- Wall 

KxtondB  Floor  to  Celling 

Veattbula  Floor  ol  Fireproof  Coiiatnictlon 

licilUag  at  OticnlD^  as  Shown 

FiQ.  179* — Tpwer  Fire  Escape,  Vestibule  Type  for  Two  BnUdiaga, 

bules  take  the  place  of  the  exterior  balcony.  Fig.  178  shows  the 
vestibule  arrangement  a.s  ftrdinarily  tised  for  a  single  buildings 
while  Fig.  179  shows  the  arrangement  whicii  may  be  used  to  serve 
two  atljoining  buildings.  In  both  of  these^  the  vestibules  should 
be  of  thoroughly  h re- resisting  construction,  and  eonnecteil  to  the 
open  air  by  means  of  full  story-height  openings  in  the  exterior  wall- 
For  all  of  the  above  types,  the  stairs  should  be  of  approved 
fire-resisting  construction,  and  all  enclosing  walls  for  buildings 
not  thoroughly  fire-resistive  should  be  built  aolidly  of  brick  ctf 
conf?riete  frojii  foundations  to  at  least  3  feet  above  the  roof. 
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Advantages.  —  Towor  firt;  f?rt[*iipr'H,  as  i  11  UMt rated  abovct  are 
decidedly  prefer:il>le  t^  lisuliI  exterior  fire  t^sciipeii,  fur  many 
reasons.  Tliey  have  no  dirert  roniinnni(*alion  with  the  buildmg^ 
hence  tho  prt^onct*  of  flame  \i  practiL^ally  inipot^f^iljle,  and  even 
danger  from  smoke  h  rpdueod  to  a  minimum.  In  the  vestibule 
types,  the  openiriKa  in  the  exterior  wall  are  made  of  the  fait  story 
height  from  floor  to  ceiling,  thus  penult, ting  thp  escape  of  smoke 
to  the  open  air  insteiul  of  into  the  lower  height  stair  doors* 
The  stairs  rxm  to  the  ground  or  .street  level,  iind  may  be  used  iis  or- 
dinary stairways,  thijK  atu^usUimiiii!;  tfie  occupants  of  the  building 
to  their  UKe;  and  they  are  ifiime:LsuruS>ly  safcn'  and  quicker  to 
use  than  exterior  balcony  and  ladder  fire  e.4ea|ies.  The  vestibule 
type«  require  s<jmewhat  more  floor  apace  than  the  balcony  type, 
but  the  former  are  less  liable  to  auto  exposure  from  windows 
below,  while  they  are  also  suseeptible  to  better  architectural 
treatment. 

In  some  (Jases,  fire  tower  stairs,  eitlier  one  or  more,  form  the 
only  meajLs  of  communication  between  floors,  Init  a  disadvantage 
in  such  use  Uqh  in  the  fact  that  o[>erativeH  or  others  must  then 
pass  into  the  open  air,  which,  in  severe  or  inclement  weather, 
entiiils  exposure  to  ^eat  changers  in  temperature^  etc. 

In  the  report  of  the  New"  York  Board  of  Fire  Underwriters  on 
the  Asch  Building  fire  (see  page  191),  the  more  general  use  of 
tower  fire  escapes  was  eHpt*ci:dly  nMiomniended  for  factories,  etc, 
Hsimburg  Tower  Stairs.  —  Fire  tower  stairs  with  balconies, 
so  arranged  as  to  serve  two  huildings,  are  used  in  the  newer  ware- 
houses of  the  Hamburg  Free  Port,  Hapnburg,  Germany.  A 
floor  plan  of  two  tjf  these  buildings  \s  shown  in  Fig.  l!^0,  wrhUe 
the  arrangement  of  the  common  tower  stairs  and  balconies  ia 
illustrated  in  larger  scale  in  Fig.  181. 

The  arrangement  of  the  staircases  as  here  shown  is  due  to 
a  suggestion  of  the  chief  officer  of  the  Hamburg  Fire  Brigade.  .  .  . 
The  contrivance  of  this  circular  staircase  for  the  sfxniial  use  of 
firemen  is  certaiuly  a  very  clever  piece  of  planning.  It  suffices 
in  every  way  for  the  purposes  of  the  Fire  Brigade^  it  occupies  a 
niiniaium  space^  and  yet  in  no  way  adds  to  the  risk  of  spread* 
.  .  .  It  is  just  this  stairca.se  which  will  afford  particular  facilitiea 
for  the  firemen  when  wishing  to  attack  a  fire  in  any  one  building 
from  a  second  point.* 

•  See  "Fire-reaisling  Warehouse  Construction  at  Hamburg,"  etc..  Diary 
aiwi  Notes  by  Eclwin  O.  Stwhs  antl  EIHs  Nraralartd  in  the  Special  Commiaaion 
wkich  visited   Derllu,   IJamburg  nnd   Ilaiiover;    JoLLTtial  of   the  BrJti&h 
Prevention  Committee  No.  V,  1910. 
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BTAIRWAT8   APTO    FIRE   KSCAPEB 

Exterior  Fire  E«;eapes.  -  As  usurilly  inst;ilkr],  oxtmor  fire 
(scanfs  iin^  uieihrkmi  tu  a  ilogr<*c»,  Hieir  nsr  sliouhl  he  p;t'nera.lly 
disriKi raged,  tuiil,  intUnjilp  f)n>hihito<I  w1um\  passing  windows, 
unlcHK  tho  latter  an*  made  of  motallic  framcH  and  wire  gUws. 

NumerouB  imttanties  liavi?  been  recorded  of  the  litter  inade- 
i\\iiivy  of  fho  usual  in.st dilations,  prominent  examples  being  thfl 
Asch  liuil  liny;  fVre,  pre\*i(nisly  lirwcrihed  in  Chapter  VI,  and  ttie 
Xewark,  N.  J,,  faeUiry  fire  of  Xtiveinln'r  2li,  1910,  in  wlait^h  25 
lives  were  lost. 

Ordinnnj  Type*  —The  design  and  eonstruetion  of  exterior  fire 
escaptw  of  the  ordinary  lialrony  and  step  ladder  type  are  regu- 
lated as  to  minimum  requiiTMnents  by  the  Ineal  or  state  lavv*H  in 
force;  but  such  laws  are  often  either  vague  or  ttitally  inadequate, 
especially  in  tht^  matter  of  a  si^rvieeuble  conneetion  between  the 
lowest  balcony  and  the  ground.  The  minimum  rt^quirementa 
of  the  City  of  Boston  Building  Dopart.ment^  whieli  arf^  better 
than  the  average,  are  indicatiNi  in  Fig,  1S2;  but  the  widths  of 
rtairi*  and  baleoniew,  the  general  arrangement  and  the  methoil 
of  seeurinj^  outlet  to  sitreet  or  other  level,  all  rest  with  the  Build- 
ing Commissioner  for  tinLil  apfiroval. 

Vertical  ladrlers,  instead  of  stairs  a.s  illustrated  above,  should 
never  be  permittefl.  Some  loeaUtif*s  allow  verticiil  ladders, 
esp«5cially  when  outnifle  stantlpipe^  are  also  installed  aa  a  part 
f>f  the  fire  eseaiw  equipment.  But,  while  frequently  useful  to 
Jiremen  (unlej^s  the  hose  eonnectioas  to  the  nt^uidpipe  are  rusted 
fani,  as  is  liable  to  be  the  case),  sueh  vertieal  iadflers  are  totally 
unfitted  for  use  by  women  or  ehildren. 

Dimthimtugati.  —  At  the  best,  light  iron  fire  escapes  are  not 
calculated  to  inspire  conftdenec  in  the  user  under  even  normal 
conditions,  much  less  under  ennditionhj  of  panic  and  danger; 
they  are  not  generally  used  except  m  event  of  fire,  and  hence  are 
Hot  to  be  oompared  in  ef^ciency  with  regular  means  of  exit; 
they  are  unsightly,  thus  influent  iiig  architect  or  owner  to  place 
them  in  inconspicuous  locatioui^,  rather  tiian  where  ma^it  ser- 
vioeable;  and,  over  and  above  all  of  these  disadvantages,  they 
are  usually  of  inadequate  capacity  for  many  people,  inaccesdibie, 
unsafe  as  regards  ihiir  parsing  unproteeibtl  windowSj  and  often 
without  adequate  outlet. 

CajmcUy, —  The  often  inadequate  capacity  of  stairs  has  pre- 
viously lieen  pttinled  out,  but  this  question  becomes  of  even 
Giore  importance  as  regards  lire  escapc^iJ  when  otlier  means  are 
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FuJ.   182.  —  Exterior  Fire  Esciape^  Boatuu  Requirementa, 

insufficient.  The  usual  "zig-zag*'  installation,  as  shown  in 
Fig.  182,  presents  difficulties  which  need  not  be  enlarged  upon. 
The  influx  of  people  upon  nevr^ral  lialeunioB  at  one  and  the  same 
time,  and  tlie  difficulty  of  frequent  tuminga  and  crowding 
through  the  narrow  portions  of  balconies,  would  soon  result  in 
catastrophe.  For  this  reason,  ''the  straight-run"  fire  escape 
is  greatly  to  he  preferred,  that  is,  continuous  runs,  without  any 
turns  whatever,  bb  sliown  in  Fig.  296, 

The  1911  law  of  the  state  of  New  Jersey  regarding  means  of 
emergency  egress  for  factories,  etc.,  states  that  fire  eseap«*3 
"shall  be,  where  practicable,  on  the  straight-run  type";  ako,  aa 
showing  that  both  the  limUalion  oj  acaipaneij  and  the  mpaniif  of 
means  of  egress  are  gradually  receiving  recognition,  the  foUowingi 

With  such  plans  and  specifications  (for  new  or  remodeled 
bmldinga  more  than  two  stones  high  devoted  to  factory  purposes) 


Ehall  1k^  MihiiiittrEl  an  estimufrd  riiuijior  of  c'tiiplovf'f'*<  Ui  he  ori- 
gaged  upon  inivU  nUity  or  Ht'pnnitnl  HiiiMJiviHion  <if  any  story  of 
the  propaseri  l>uil(iing.  .  .  .  All  iiistuHati«in  of  fitv  fwiifWH  or 
stiiir%*ay»  whall  Ijp  niu<Ii*  with  rt^f(TtMi**e  In  the  niaxiintmi  niimbpr 
of  perKons  to  bo  piuijlovf^l  up(ni  om^h  Hl^uy  of  any  IniildinK  or 
«*paj'ate(l  subdivision  1  ln^roof,  ii  slut<'iii<'nt.  of  whidi  nwjnbor  shall 
he  posted  by  tire  fAvner  npun  (he  wall  of  eai'h  nlory  or  separatrrl 
subdiviHion  thereof,  .so  as  to  be  vLsiftle  at  all  times.  Irider  mo 
niTunifltanee.s  sluill  this  ntiinl>er,  when  onee  ascertriined,  and 
iriiitallaliori  of  fire  esrapes  and  Mtairwiiys  hv  rnude  with  reference 
tfiei-eto,  be  exceeded,  exrept  by  permission  of  the  C 'onimLstSJoner* 


Iimca-saihiliiif  usually  residbs  from  the  fart  that  ai-cess  lo  the 
balconies  mupt  be  plained  liy  rlind*inj^  out  of  witidows.  In  builtt- 
inga  where  many  peof)le  are  dependent  upon  the  u.se  of  ext(*rior 
fire  escape*!,  as  in  faetorien,  etc.,  rnetal-coveretl  doors  opening 
out,  in  metal-covored  franies,  with  sills  flush  with  the  floor  level, 
.should  l>e  required  by  law  at  all  balconies. 

Unprofertcd  Windows.  —  One  of  the  greatest  object  ion^s  to  the 
ordinary  firo  escape  installation  is  thi-  fact  that  the  balconies  are 
apt  to  be  more  or  less  tilocked  by  fire  slnjtter>5,  or  else  both  bal- 
conii?>i  and  stairs  are  wholly  unprotected  from  window  openings. 
Thus  every  unshuttered  window  lielow  any  l>alcony  or  stairs 
forms  a  distinct  menace  as  to  either  cutting  otT  escape  by  flame, 
or  \\Teckinp;  the  light  iron  const itiet ion  as  was  exemplified  in  the 
Asch  Buil  ling  fire.  Theater  fire  cscapf*a  are  usually  required 
toljc  covered,  partly  as  protection  agaitist  ice  and  [larlly  to  pn*- 
v?nt  the  uprush  of  fianies  from  doors  or  windows  to  fire  escapees 
or  openings  abov^e;  but  eis  such  coverings  are  often  impracticahle, 
am]  tus  they  still  do  not  protect  any  fire  escape  from  the  windows 
opening  directly  thereon,  all  windows  ex]'>osing  either  balconies 
or  stairs  shoukl  be  made  of  metallic  frames  and  wire  glass. 

Otdkl.  — Some  form  of  movable  ladder  or  stairs  is  necessary 
frj  iionnect  the  lowest  balcony  to  the  street,  grovmd,  or  other 
spinire  level,  —  first,  because  access  to  the  bviihting  by  means  of 
such  stairs  or  ladder  must  be  guarded  against,  and  second,  be- 
f^tniHe,  if  lowered  permanently,  the  stairs  or  ladder  would  gen- 
erally be  in  the  way  of  traftie. 

Means  by  which  such  outlet  may  be  obtained  include: 

1.  Drop  ladder,  usually  light  and  portaVde,  so  that  it  may  be 
hooke  I  over  the  floor  or  railing  of  the  bpleony  above  the  Icjwest. 
In  some  cases  vertical  guides  are  fjlaeed  at  the  upper  portion  <jf 
such  a  ladder,  to  direct  its  eom-se,  and  to  in:iurc  its  not  being 
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dropped  friliroly;   but  of  vvlmtt'ver  fnrm,  tlie  drop  ladder  nioang 
of  outlet  is  inadequate  and  ov'oti  dangerous; 


Fro,    183.  —  Circuljir  Stair  Fire  Eacape,  Peraberton  BuiJdins,  Boaton. 

2.  Countfrbidiineed  dnyp  ladder,  same  ils  jibove^  exrept  thflt 
it  is  counterbalanced  by  means  of  a  wire  rope  passing  over  sin 
overhead  pulley,  with  Huspendetl  counterlxalanee.  Tliia  form  is 
unstable  J  and  not  suited  for  use  by  women  or  children. 

3.  Folding  or  collapsible  ladder,  in  which  the  runga  and  tb© ' 
outer  upright  fold  agaioet  or  into  the  inner  upright,  wbicli  is 
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securely  fa-st^ntHl  to  the  weiU.  The  same  objeclirms  hoM  as  in 
the  previous  types. 

4*  C^mtitorbalaric^nl  ntiiirs,  wher<nn  the  Idwr^^t  run  of  stairs  is 
counterbalanc-efl  about  a  pin  joint.  The  extension  of  the  strings 
(beyond  the*  joint),  with  eiist-iron  counterweights  secureil  Ih?- 
tween,  is  made  to  coUTiterl>alance  exactly  the  weight  of  the  stairs 
in  front  of  the  joint.  For  short  tlrops  tJie  pin  joint  may  be  made 
at  about  the  lialcony  level,  hut  for  lonji^er  ilrops,  wherf'  the? 
weight  of  stairs  would  be  too  ^re^t  to  eounterfialaiK^e  propc^rly, 
the  pin  joint  is  plai-ed  at  the  foot  of  a  tihort  hxetl  run  which  h 
adequately  braced  and  suppi^irted. 

This  tyj)e  is  the  ordy  c*fficient  nieun.s  now  in  xn^v  of  securing  a 
pnvprr  outlet  for  a  fire  ei^cape  to  the  ground  or  street. 

Circular  Flr«  Escapes,  —  Where  .something  better  or  more 
arehiteetnral  than  the  ordinary  zig-stug  fire  eseape  in  deaired, 
circular  stairs  may  be  employpd.  Fig,  LS»i  illustrates  a  ver}^ 
pleasim?  and  eflicient  arrangementf  as  used  on  the  rear  of  the 
Pemtiorton  Builtbng,  Boston,  Fehmer  and  Page,  architect."*.  It 
will  l>e  noted  that  the  stairs  are  fairly  well  prt>t(H'teil  by  a  blank 
wall  area,  so  that  when  people  have  once  gaint^I  the  stains, 
no  windows  are  passed.  The  principal  disadvantage  to  this  ar- 
rangement h  the  dizziness  which  may  resuU  from  descending 
many  flights  rapidly.  To  prevent  pitching  forward  and  over 
the  stair  railing  from  dizziness,  such  stairs  are  frequent  ly  enclosed 
by  means  of  wire  netting,  or  rod.s  at  intervals  of  4  to  6  inches, 
run  from  th(^  top  of  railing  to  the  under  side  of  the  treads 
above. 

The  Kirk er< Bender  Slide  Fire  Escape  *  combines  maximum 
safety  and  capacity  to  a  far  greater  degree  than  any  other  form 
of  fire  escape  yet  invented,  lis  use  is  particularly  adapted  to 
.sehools,  asyhmm,  etc.^  where  many  cliildren  must  be  cared  forj 
or  to  buildings  housing  many  women.  The  arrangement,  as 
^ho>\m  in  Fig.  184,  which  illustrates  the  Girls'  High  School  at 
LouiBvillej  Ky,,  consists  of  an  enclosed  helical  slide  which  is 
bnilt  around  a  central  core  or  standpipe.  Entrance  doors  are 
provided  at  tiic  dilTerent  floors  and  at  roof.  These  are  made  in 
two  leaves  and  are  so  hung  xs  to  open  inwards  without  extending 
over  the  spiral  slide.  They  are  lield  closed  by  a  spring  only,  bo 
as  automatically  to  keep  out  water,  smoke  or  flame.  The  exit 
■    door-^  at  the  bottom  are  also  ma^^le  in  two  leaves  which  are 


I 
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immediatdy   cipeii(?d    hy    ciKiltict   or   prcKHunf   of    any    elidmg 
weight,  US  uf  si  poiHoii, 

Tlio  tulios  are  usunlly  miide  f*  fent  in  diametor,  and  arc  platted 
between  windows  so  as  not  to  obstruct  light  or  air.  Iron  bal- 
conies^ connect  one  window  or  door  per  floor  with  entrances.  In 
Fig.  184,  entrances  occur  at  the  second,  third  and  fourth  floors, 


184.  —  "  Kirker-Beader*'  Patent  Slide  Fire  Escape. 


that  at  the  tlnrd  being  hidden  by  the  tube.  The  slide  is  wide 
enough  to  permit  of  two  persona  sliding  down  side  by  .side,  and 
the  capacity  it*  variously  estimated  at  from  125  to  2*50  persona 
per  minute.  ^t 

The  central  core  of  the  tube  m  usually  arranged  for  service  a^l 
a  standpipcj  with  fire-engine  connection  at  tlie  ground,  and  hoeo 
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CHAPTER  XVI 

ELEVATOR  SHAFTS  AND  KMCLOSURKS.    FIFE  SHAFT^j 

CHUTES,  ETC.  '  ^ 

Fftsseng^r  Elevator  Enclosures*  — *  Passenger  elevators  are 
usually  ("onfinod  to  those  olasses  of  buildm(53  in  which  archi- 
tectural corLsiderations  are  of  decided  importance  to  owners  or 
tenants,  and  hence,  as  in  the  cn^^e  of  main  stainvays,  the  isolation 
of  the  elevators  withhi  ahnolntely  finvre^siatiTig  shafts  is  still  often 
considered  as  more  or  less  of  a  theoretical  desirability  which 
must  j?ive  way  to  the  more  practical  or  commercial  considerations 
of  appearance  and  prevalcTit  custom. 

The  vital  importance  of  cutting  ofif  such  shafts  has  previouiily 
been  pointe<l  out.     See  "Vertical  Openings,"  page  312. 

San  Francisco 's  experience  indicates  that  wells  and  elevator 
shafts^,  running  up  through  many  stories,  should  be  guanled  by 
brick  or  reinforcefl-concrete  walls,  fitted  with  double  metal 
rolling  doors^  bolted  to  the  walls  to  allow  for  expansion,  or  with 
automatic  sliding  doors  and  wire  glass  partitions.  There  was 
little  or  no  provision  for  cutting  off  the  draught  of  air  that  will 
ascend  through  such  a  shaft  during  a  fire,  and  great  destruction^^ 
resulted  in  consequence.*  J^M 

Types  of  enclt>«ures  in  common  practice  in  chide  open  grille 
work^  solid  masonry  or  metal  lath  and  plaster  partitions,  and 
metat  and  wire  glass  enclosures. 

Open  Grille  Enclosures.  ^  The  present  type  of  open  grille- 
work  elevator  enclosure  hiis  bc;m  brouf;ht  to  a  high  point  of 
perfection  by  American  architects  and  manufacturers,  and  in 
many  important  buildings  this  feature  of  interior  finish  consti- 
tutes one  of  the  principal  tiources  of  architectural  embellishment. 

Architects  and  owners  have,  therefore,  been  loth  to  sacrifice 

BUch  conventional  architectural  treatmentss  for  what  many  con- 

I  eider  to  be  undue  precaution  against  an  improliable  danger,  pre- 

*  See  UnUcd  States  Geo bgical  Siirv-^ey  Bulletin  No.  324,  "  The  Saa  FrauGUCo 
JB^arthqu&ke  and  Fire."     Report  by  Prof.  Fraok  SoulS. 
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ferring  ta  retain  iirchilet-tural  appf*araTice  msiearl  of  insuring 
efficiency  against  a  risk  which  is  seomingly  always  cunsiderptl 
remote. 

(JnP  of  th<!  best-known  olfii-e  Iniildinf^H  in  Now  York  City  has 
only  one  stairway^  located  iranieijialely  udjarent  to  the  six 
elevator  j^hafts,  three  on  rnther  rfide  of  a  t'eutral  corridor.  All 
of  these  are  unenclosed,  ami  open  to  all  float's  of  ihi'.  hnildinii, 
save  by  opcni  grille  work  at  the  elevator  fronts.  A  strrious  fire 
on  any  floor  would  render  escape  of  the  occupants  from  the  upper 
floors  practically  irnposjiihle,  an  (lames  or  etmoke,  or  hoth,  would 
make  both  .stair  anri  elevators  impaasable.  These  ff^atures 
should  have  been  more  intelligently  planned,  but  evvn  loeated 
HH  at  present,  the  dam^erou.^  Cfjoditioits  cx:i?<ting  reflect  seriously 
upon  the  <i\vnei*^i  and  tlie  municipal  authorities.  Unfortunately, 
this  eiise  is  only  typical,  and  not  exceptionaL 

Solid  £Dcloi!»ur«  Walls,  —  Fief  ore  the  advent  of  wire  glass, 
there  wjiH  no  alternative  between  an  open  g;rille  (enclosure  and  a 
solii]  wall  of  brick,  hollow  tile  or  metal  lath  and  plaster.  The 
solid  type  of  enclosure,  while  common  for  freight  elevator  shafts, 
is  only  occiksioiially  Uised  to  surround  passenger  (^levators,  prin- 
cipally on  account  of  appearance,  as  already  noted»  and  on 
account  of  the  difficulty  of  lighting  such  shafts.  For,  unless 
provided  with  windows  at  the  rear,  wellroonxs  surrounded  by 
solitl  enclo^i^nrc^  are  apt  to  l>e  dark  and  generally  uninvitingt  an  1 
deptnidrnt  upon  artificial  light  in  the  elevator  carS;  even  though 
the  ahafti^  are  lineal  with  whit^-enarneled  brick  or  tile,  as  is  often 
done. 

From  the  standpoint  of  fire  prot^fction,  however,  no  type  of 
elevator  enclosure  is  comparable  to  a  solid  brick  or  concrete  wall. 
Rigidity  and  staltility  are  t}t?pi?cially  liet^irable.*  Doors  suitable 
for  use  with  such  enclosures  have  liecn  describetl  in  Chapter  XIV 
(see  especially  Figs*  Mi  and  145);  but  sohd  doors  are  open  to  tlio 
object  ion  that  the  car  operator  cannot  see  piissengers  waiting  at 
the  floor  levels,  while  small  observation  lioled  of  glass  in  tlie 
doon^,  or  even  glass  upper  panels^  do  not  give  the  elevator  opera- 
tors that  quick  auil  <^ornplete  view  of  waiting  passengers  which 
insures  quick  and  safe  Bervicc^  Also,  custoinei-s,  tenants  and 
the  public  geocrally  like  to  obtain  a  full  view  of  the  ears  as  they 
aftcend  and  de^^^cend  the  shafts*  Indicators  or  flashlights  may 
designate  the  floors  at  whi^jh  Iht?  various  elevator  cars  are  pa^ising 
Comp&re  with  paragraph  **EacIoainii  Partitions,"  Chapter  XY,  pi^a  505. 
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or  stopijiii^,  but.  the  eye  Rnisps  tlie  location  of  the  var  itriielf,  if 

within  sigh  It  f^v  r^vpn  t\w  din  r- 
tioM  ill  vvhicli  tiio  cables  or  phiii- 
gv\;^  arc  txavcliiig,  more  quickly 
than  the  index  arm  of  an  indi- 
cator. 

Metal  and  Wire  Glass  En- 
closures* —  Ttiti  invention  and 
introtUution  of  wire  glas^s,  iiow- 
evcr,  has  nt^lved  many  difTicul- 
ties  in  coiine<H  ion  v\  ith  pai?usenji;cr 
ok' vat  or  enrloHures  in  a  most, 
acceptable  iminner.  For, 
thonKh  by  no  m<*ans  a«  efficic 
iigainwt  fire  a,s  a  brick  or  eo 
Crete  walh  and  although  of  little 
avail  a.s  fur  as  r>rf'vontJng 
radiation  of  iniens^^  direct  lie 
is  concpiTied,  still  its  efiieicney 
in  i\w  walh  of  a  vertical  Fhaft 
is  Kiifficiently  hi^h  to  annwcr 
every  reasonable  requirement ^ 
and  its  iiKc  still  makes  popHiblc 
the  continuance  of  the  coiivt 
tional  grille  enclosure^  or  at  J 
an  adiipta^ion  which  is  susecp 
hic  of  hici;hiy  attractive  aroS 
tectural  treatment. 

As  far  iUH  the  fir^-^-reststanc 
wire  Kla?«K  in  (^levator  fronts  is 
concerned,  it  ia  probabk*  that 
its  use  in  this  manner  is  one  of 
the  most  satisfactory  aclapla- 
tions  yet  foimd  for  this  raatei-itd, 
—even  more  Batisfaetory  Ihim 
wlien  ur^eil  for  windows  or  parti- 
tions. For  in  these  latter  cases 
the  wire  glaas  is  called  upon  not 
Of dy  to  prevent  the  pasvsage  of 
flamej  but  to  prevent  the  passage  of  direft  heut  severe  enough 
to  ignite  trim  or  contentB  beyoad  the  window  or  partition; 
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ui  f'U'v:ifr>r  sliuft  I'lirlusureri,  evc^n  tbougli  tlie  front  at  one*  fltior 
should  fail  under  ii  piirlirularly  si^vfrc  firt'  tt'st,  an  would  he  uiure 
than  likely  through  the  bucklinj?  or  ik'stnirtion  of  the  metal  or 
metal-foveri'd  ih nil's,  the  u.sual  rise  of  heated  air  in  an  elevator 
fihaft,  anti  the  added  tendency  in  this  respei't  from  the  fire  raging 
at  any  flour,  would  t^nxd  to  draw  the  Hame,  and  henpe  the  severe 
heat,  upward  past  the  successive  stori*»s  and  vent  it  at  the  roof. 
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Fig,  180. 


First  .Suiry  I  Ji  vtitor  Fronts,  West  St.  Building,  N.  Y.,  Cose  Gilbert, 
Architect* 


The  past  several  years  have  witnesvseci  the  installation  of  many 
wire  gliisK  elevator  enelosures,  ertpe(*ia[ly  in  office  Iniildings,  hotels 
and  apartment  houses,  and  this  type  may  now  fairly  be  considered 
the  standard  in  this  type  of  strttcturea. 
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A  mOFt  pleiistni;  arrhit<*ctimil  treatment  of  the  wire  ^\ass 
elevator  eodnsun?  Is  t^*  t>c  sfen  in  the  We«t  Street  Btiikling,  New 
York  City,  Ca;ss  Gilbert;  architeet  —  whetie  the  Gothic  «tyle  of 
the  built  ling  is  adapted  to  the  elei-ator  fronts.  Fig.  iSli  *  illus- 
trates the  passenger  elevator  encloaure  in  the  first  8tor>^  while 
Fig.  187  *  iUustrates  the  fronts  in  the  upper  :^turies»  In  the  1att«r 
it  will  be  noticed  that  plate  wire  glass  is  used  only  in  the  large 
panels  of  the  dtx)r8. 

Freight  Ele?att>r  Enclosures.  —  The  question  of  fronts  or 
enclosures*  fur  freight  elevators  is  a  comparatively  simple  one, 
as  such  elevutoiN  are  usually  plaeed  in  tvitr  lialKvuys,  or  in  incon- 
Bptcuous  loeationN,  where  solid  wall  enflosiirc^  are  not  ohieetion- 
able.  If  brick  walb  are  used  Ui  give  the  utmost  efficiency,  cast- 
iron,  channel-iron  or  angle-iron  door  frames  are  iisually  employed, 
with  either  wrought-  or  cast-iron  silLs»  as  deseribtnl  in  Chapter 
XIV.  The  doors  may  Ih>  sliiling  or  hinged,  of  tin-eovered  wood, 
Lor  coppc^r  or  s4ht»t*t- metal  coveretl.  In  ver>^  wide  openings,  as 
for  instance  in  storage  warehouses  or  in  stores  where  furnitiire 
ihust  }ye  handleil  h^^  elevator,  the  doors  are  ofU*n  made  douhle- 
teaf,  so  that  each  opening  will  iiave  two  doubli^leaf  titKtrs  folding 
Daek  against  the  vvalls.  if  some  attention  to  architectural  effect 
is  required*  the  frames  or  jambs  may  be  made  of  moulded  cast^ 
Iron  or  pressed  sheet-met  til  over  wood.  See  also  **  Freight  Eleva- 
lor  Enclosure  Doors/'  page  499. 

Wledow  Protection  Modn,  —  All  windows  opening  into  ele- 
vator shjifts  sliould  be  provided  with  protection  rods  running 
horn  sill  to  head,  .securely  fiistened  to  niiisonry  or  nietul  work  if 
jiracticaljlfv  rods  to  be  .s|mee<l  al>()ut  (>  to  8  incli*^  on  centers, 
fhese  are  for  tlie  purpose  of  warning  firemen  agamsit  stepping 
bto  such  windc>w,s  from  lad^lers- 

Dliml)  Waiter  EnclusurcHi  —  Dmub  waiters,  when  ustni  in 
ire-reaisting  buildings,  should  always  be  enclosed  hy  saWd  walls. 
rhe  dcK>rs  and  dt»or  frames  may  be  as  above  descrilM^l  for  freight 
tlevators,  except  that  the  ofX'ningb^  are  usually  sniailer,  and  phiced 
tome  3  feet  al)Ove  the  fltmr  to  give  easy  access  ti»  tlie  lift.  The 
doors  should  f)referaljly  be  automatic. 

Pipe^  and  Vent-J^liafts.  —Pipe- and  vent-shjifts,  from  their 
nature  of  service,  are  neeessiirily  enclo-seil  by  solid  walla  of  hriek 
or  terra-cotta,  bo  that,  the  only  care  necessary  in  these  vertical 
openings  ia  to  see  that  all  horizontal  communications  between  the 

•  CourLeHy  of  lle+la  Iran  Works,  Brufuklyii,  N*  Y» 
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shafts  and  the  balanco  of  the  l>uiIf]inK  ^^^  eoiuplel  oly  f^ut  off,  am 
thftt  mnw  fortii  of  fire-resisting  tloora  and  door  frames  is  usedp 
The  frames  should  preferal>ly  b€  of  metal,  although  metal-eo^'ered 
wood  i«  often  u.scd.  Wowl  door8  covered  with  tin^  copper  or 
fiheet-inetal  arc  usual,  hut  for  the  eoinparativt^Iy  kiuuII  opeiunga 
into  sueh  shafts  a  paneletl  cast-iron  dcM:>r  is  undoubtedly  the  best, 
and  sueh  doors  can  be  made  very  pleasing  in  appearance. 
See  also  "  Jnstallation  of  Mechanical  Features,"  page  314 
Waste-paper  Chutes*  —  In  large  department  stores,  etc,, 
the  proper  disposal  of  waste  paper,  excelsior,  and  other  materials 
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Fm.  188.  —  Waste-paper  Chute. 

used  for  wrapping  and  packing  becomes  a  question  of  nonside 
able  importance.  To  accomplish  this  safely,  waste-paper  chutes 
are  now  installed  in  most  large  buildings  of  this  character.  The 
first  requisite  is  a  special  brick-walled  shaft,  continuous  from  cel- 
lar to  roof,  within  which,  at  about  2  ft.  8  ins.  aljove  each  fioor 
tevelj  is  placed  a  box  usually  made  of  No.  12  sheet-iron.  These 
boxes  are  of  the  full  depth  of  the  sliafti  while  occupying  on 
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about  one-half  the  width  of  shaft,  as  shown  in  Fig.  188.  Each 
box  has  a  oounterweighted  tip  bottom,  which,  when  dropped, 
cnqyties  the  contents  of  the  box  upon  an  inclined  ledgCy  placed 
over  the  box  below,  thus  de&ecting  the  waste  material  to  the 
open  shaft  where  it  drops  to  the  basement.  Access  to  each  box 
18  had  by  means  of  an  iron  door,  placed  in  an  iron  frame  in  the 
wall,  as  indicated  by  the  double  dotted  lines  in  Fig.  188. 

Hie  possibility  of  fire  within  the  shaft,  and  the  resultant  com- 
munication of  same  to  a  floor  by  the  opening  of  the  door  in  the 
wan,  has  been  provided  against  in  that  the  door  can  only  be 
opoied  when  the  tip  bottom  is  up  or  closed,  thus  preventing 
communication  between  the  open  shaft  and  the  room.  This  is 
accomplished  by  means  of  a  lever  handle  (placed  on  the  face  of 
wall  in  the  room),  which  operates  the  tip  bottom.  To  drop  the 
bottom  of  the  box,  this  lever  handle  must  be  raised,  and  this 
cannot  be  done  when  the  door  is  either  wholly  or  partly  open. 

For  the  still  further  disposal  of  waste  paper,  etc.,  in  large 
establishments,  special  i>aper4>uming  grates  are  sometimes  in- 
stalled at  the  base  of  smoke  flue,  or  an  incinerator  chamber  may 
be  used. 

Package  Chutes  are  often  installed  for  the  delivery  of  pack- 
ages from  various  floors  of  department  stores  to  sorting  and 
packing  tables  in  the  basement.  They  consist  of  a  helical  plate- 
iron  chute,  within  a  cylindrical  iron  enclosure.  They  should 
invariably  be  placed  within  masonry  shafts,  with  small  doors 
opening  into  the  chutes  at  the  various  stories. 
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TEEEA-COTTA 


Terra-€ottsi  floor  arches  are  made  of  either  "poroua/*  "semi- 
porous'*  or  "hard  Ijunied"  terra  cotta.  The  manufacture  and 
characteristics  of  these  different  grades  of  terra-eotta  and  their 
fire-resisting  qu  ah  ties  have  been  described  in  Chapter  V'll.  The 
various  types  of  terra-cotta  floor  arches  employed  in  pre^sent 
practice,  thoir  safe  loatis,  methods  of  setting,  fire  t^sts,  etc.,  will 
now  he  taken  up. 

Construction  of  Flat  Arches.  —  Flat  terra-cotta or  "hollow- 
tile*-  archer  are  made  up  of  two  "skews''  or  "skewbaeks"  which 
rest  against  the  beam  webs  and  which  fit  against  or  around  the 
lower  flanges  of  the  beams,  — ^oue  "key"  or  center  block,  — and 
"lengtheners^'  (sometimes  calletl  ** fillers,"  "part-fillers"  or  *'in- 
tennetiinte^'^)  sufficient  in  number  to  fill  the  spaces  between  the 
skewbacks  and  the  key.  These  blocks  are  made  in  a  great 
variety  of  shapes,  sizes  and  weights  by  the  larger  manufacturersj 
but  the  principal  type&  wUl  be  shown  in  the  following  illustrations. 

In  scheduling  arch  blocks,  the  dimensions  are  usually  written: 
width  X  depth  X  length.  Thus,  an  S  X  10  X  12  lengthener 
would  mean  one  in  which  the  width  in  direction  paraEel  to 
beams  w^as  S  inches,  the  deptli  of  arch  or  depth  of  blcxk  10  inches, 
and  the  length  of  block,  measured  at  right  angles  to  the  beams, 
12  inches. 

Side-construction  Arches.  —  In  this  form  of  arch  the  voids 
or  cells  in  the  blocks  run  parallel  to  the  supporting  beams. 
Fig.  189  ifiustrates  a  typical  side  construction  arch  as  commonly 
used  for  short  span  and  shallow  depth.  Fig.  190  shows  a  deeper 
and  heavier  arch  for  wider  span. 

Side-construction  skews  may  be  made  either  "plain"  (that 
is,  with  no  provision  for  the  protection  of  the  beam  flange), 

*  For  the  special  Guastavino  t^+rra-cjotta  floor  and  dome  coDatructioo,  see 
Chapter  XI,  page  338. 
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"  lipped  "  (having  protectitm  lipt?  moulded  on  na  a.  portion  of  the 
skew,  a&  shown  in  Fig.  UM))  or  '*  wifht  ''  skews  (where  a  bevtd 
is  provided  at  the  bott^ini  of  the  skew  to  hold  the  iw^parate  Bofht 
tile  under  the  beam,  as  shown  in  Fig.  1S9). 


le^^ 


Fio.  ISA,  —  Side-TOOfltruction  Hollow  Tilta  Flat  Arch, 


Plain  skew.s  are  sometimea  employed  where  the  areli  is  earned 
on  a  shelf  angle  rivetted  to  the  beam,  in  which  case  separate 
shoe  tile,  etc.,  iire  plaeed  below  the  skews  to  prrjtect  the  lower 
portioES  of  the  beams.     Lipped  skewbacka  have  been  extensively. 


used  in  the  past  in  side-construction  archer,  but  in  mamifactti 
such  blorks  with  the  beam  prot  eclions  burned  on,  much  diffieuhy 
wa8  experienced  in  keeping  the  projeeting  Flanges  straight,  as  the 
wai'ping  during  djying  aiul  burning  often   so  deformenl  the  lips 
as  to  prevent  the  skewfl   from  being   placed   around    the   beam  i 
flanges  without  breaking  the  lip  from  the  skew.    Much  breakage! 
of  the  lips  also  occurred  from  tightening  up   the  centers  of  the  j 
jurrbes  during  erection,  and  in  shipment.    These  objections  were] 
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SO  serious  that  most  manufacturers  have  now  abandoned  the 
lipped  skew  in  favor  of  the  soffit  skew  with  the  separate  soffit  tile. 
In  a  flat  hollow-tile  arch  the  hne  of  maximum  thrust  will  be 
near  the  top  of  the  key  and  near  the  bottoms  of  the  skews. 
Hence,  theoretically,  the  horizontal  webs  or  interior  partitions 
of  the  blocks  should  approximately  follow  this  hne,  as  shown  in 
Fig.  191.     This,  however,  has  been  found  to  be  commercially 


FiQ.  191.  —  Side-construction  Arch,  Radial  Joints  and  Arched  Webs. 

impracticable  on  account  of  the  many  different  types  of  blocks 
required  for  a  single  arch,  and  for  varying  spans.  This  would 
add  materially  to  the  cost  of  manufacture  and  to  the  cost  of 
setting.  Hence  the  lengtheners  are  always  made  of  the  same 
form,  but  in  order  to  develop  the  full  strength  of  the  arch  under 
even  this  practice,  the  skews  should  be  of  heavy  outer  shells  and 
interior  webs,  and  the  latter  should  invariably  include  one  across 
the  block  about  on  a  line  with  the  lower  flange  of  the  beam. 
The  omission  of  bottom  webs  in  skews  has  been  responsible,  in 
some  instances,  for  the  collapse  of  arches. 

Another  theoretical  point  illustrated  in  Fig.  191  is  the  use  of 
radial  joints,  or  joints  which  would  meet  at  a  common  center  if 
prolonged  below  the  arch.  Such  practice  would  undoubtedly 
make  a  better  and  stronger  arch,  but,  as  in  the  case  of  arched 
webs,  the  added  expense  of  making  and  handling  such  a  variety 
of  blocks  would  much  more  than  offset  any  compensating  ad- 
vantages in  strength. 

One  great  advantage  of  the  side-construction  arch  is  the  possi- 
bility of  breaking  joints  between  the  blocks,  as  shown  in  Fig.  189, 
whereby  the  strength  of  the  arch  is  not  seriously  affected  by  the 
possible  breaking  of  any  one  block. 

Figs.  189  and  190  show  the  blocks  grooved  or  ''  scored  "  on  all 
sides  to  provide  a  key  for  the  mortar  in  the  joints,  and  for  the 
plastering. 

The  various  depths  of  arch  blocks,  weights  per  square  foot  of 
arches,  and  permissible  spans  for  standard  side-construction 
arches  are  as  follows:  • 
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Weight,  pounds  per 
square  foot. 

Spans  allowable  between  I-beams. 

Depth  of  arch, 
inches. 

Arch  set  flat. 

Set  with  slight  cam- 
ber, 
feet  and  inches. 

feet  and  inches. 

6 

24  to  26 

4-0 

4-6 

7 

26  to  28 

4r-6 

5-6 

8 

27  to  32 

5-0 

6-0 

9 

29  to  36 

5-6 

7-0 

10 

33  to  38 

6-6 

7-6 

12 

37  to  44 

7-0 

8-0 

Note.  —  The  heavier  weights  are  the  ones  commonly  used. 

The  following  tables*  give  the  safe  loads  for  various  depths 
and  spans  of  side-construction  arches. 

*  As  used  by  the  National  Fire  Proofing  Company. 
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SAFE  LOADS— SIDE-CONSTBUCTION  FLAT  ARCHES. 

Material,  semi-porous.  Blocks  with  webs  f  of  an  inch  thick.  Factor  of  safety  7. 

Light  Sections. 


m 


6,  7,  8  and  9  inches.  10  and  12  inches.  15  inches. 

Note.  —  In  the  following  table  the  weight  of  the  arch  blocks  has  been  deducted 
from  the  safe  load.  The  weight  of  cinder-fill,  flooring  and  plastering  must  be 
deducted  to  obtain  net  live  load. 

The  widest  span  permissible  for  any  arch  is  indicated  by  cross  rule  in  the 
column.     Beyond  this  span  it  should  only  be  used  as  a  ceiling  arch. 


6-inch 

7-inch 

8-inch 

9-inch 

10-inch 

12-inch 

16-inch 

arch. 

arch. 

arch. 

arch. 

arch. 

arch. 

arch. 

Weight  of 

arches,  pounds 

24 

25.5 

27 

29 

33.5 

37 

46 

per  square  foot. 

Cross-sectional 

area  of  blocks, 

22.5 

22.5 

22.5 

22.5 

30 

30 

37.5 

square  inches. 

Span  in  feet  and 
inches. 

Safe  lo£ 

ids  in  poi 

mds  per  g 

jquare  fo< 

3t. 

1-6 

1376 

1608 

1840 

2000 

2000 

2000 

2000 

2-0 

764 

893 

1023 

1152 

1717 

2000 

2000 

2-6 

480 

563 

645 

727 

1087 

1307 

2000 

3-0 

326 

383 

440 

496 

745 

897 

1412 

3-3 

275 

323 

371 

419 

630 

759 

1197 

3-6 

233 

275 

316 

357 

538 

'  649 

1025 

3-9 

200 

236 

272 

307 

465 

561 

887 

4-0 

173 

204 

236 

267 

404 

488 

774 

4-3 

151 

178 

206 

233 

354 

429 

681 

4-6 

132 

156 

181 

204 

312 

378 

602 

4-9 

116 

137 

159 

181 

277 

336 

636 

5-0 

102 

122 

141 

160 

247 

299 

479 

5-3 

91 

108 

126 

143 

221 

268 

430 

5-6 

96 

112 

127 

198 

241 

388 

5-9 

86 

100 

114 

179 

217 

351 

6-0 

77 

90 

102 

161 

197 

319 

6-3 

81 

92 

146 

178 

290 

•  6-6 

73 

83 

132 

162 

265 

6-9 

66 

75 

120 

148 

242 

7-0 

68 

110 

135 

222 

7-6 

55 

91 

113 

187 

8-0 

76 

94 

159 

8-6 

80 

136 

9-0 

"67 

116 

10-0 

> 

47 

"86 

11-0 

62 

12-0 

46 

Note.  —  If  webs  thicker  than  f  inch  are  .used,  t\ie  \oada  ^^w^tl  m^Jocis^  'wJsJsa 
may  be  increased  in  direct  proportion  to  increase  ol  aecWowaX  «LTft«k« 
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SAFE  LOADS— SIDE-CONSTRUCTION  FLAT  ARCHES. 

Material,  semi-porous.     Factor  of  safety  7. 

Heayy  Sections. 


s 


6,  8,  9  and  10-inch  arch. 


12  and  15-inch  arch. 


iVofe. — In  following  table  the  weight  of  arch  blocks  has  been  deducted  from 
the  safe  load.  The  weight  of  cinder-fill,  flooring  and  plastering  must  be  de- 
ducted to  obtain  net  live  load. 

The  widest  span  permissible  for  any  arch  is  indicated  by  cross  rule  in  the 
column.     Beyond  this  span  it  should  be  used  only  as  a  ceiling  arch. 


Arches. 

Jin 

7  in. 

8  in. 

9  in. 

10  in. 

12  in. 

15  in. 

Weight  of 

arches,  pounds 

26 

28 

30.6 

31.2 

33.4 

38.3 

40.6 

per  square  foot. 

Cross-sectional 

area  of  blocks, 

30 

30 

30 

31.5 

33 

37.6 

38 

square  inches. 

Spans,  feet  and 
inches. 

Safe] 

oads  in  i 

>ounds  p 

er  square 

foot. 

1-6 

184C 

2148 

2458 

2500 

2500 

2500 

2500 

2-0 

1022 

1196 

1369 

1623 

1892 

2500 

2500 

2-6 

64£ 

754 

865 

1027 

1199 

1642 

2087 

3-0 

43f 

515 

592 

704 

822 

1128 

1437 

3-3 

37C 

434 

500 

595 

696 

.  956 

1219 

3-6 

31^ 

371 

427 

509 

595 

819 

1045 

3-9 

27C 

320 

368 

439 

514 

708 

905 

4-0 

23^ 

276 

319 

382 

448 

618 

791 

4-3 

20^ 

243 

280 

335 

393 

543 

696 

4-6 

17S 

;    213 

246 

296 

347 

480 

616 

4-9 

15? 

r     188 

218 

262 

308 

427 

549 

5-0 

141 

167 

193 

233 

275 

382 

491 

5-3 

12' 

149 

173 

•  209 

246 

343 

442 

5-6 

133 

155 

188 

221 

309 

399 

5-9 

118 

139 

169 

200 

279 

362 

6-0 

107 

125 

153 

181 

253 

329 

6-3 

113 

138 

164 

231 

300 

6-6 

To! 

125 

149 

210 

274 

6-9 

92 

114 

136 

192 

251 

7-0 

104 

124 

176 

231 

7-6 

T6 

104 

148 

196 

8-0 

87 

126 

167 

8-6 

107 

144 

9-0 

Tl 

124 

9-6 

78 

107 

Example:   Required,  the  safe  load  of  12-inch  arch,  span  8  feet,  using  arch 

block  having  cross-sectional  area  of  31.5  square  inches.     Area  of  arch  block 

used  38.5)31.5  ==  .82,  which  X  126  pounds  =  103  pounds  safe  load  required. 

Example:  Required,  the  safe  load  for  8-ineh  arch,  span  5  feet  6  inches,  with 

factor  of  safety  of  5  instead  oi  7.     155  pounds  +  30.6  pounds  (dead  load)  = 

185.6  X  7  =  1299.2  -£-  6  =  259.8  —  ^0.&  =  11^  :i  pouxi^a  «,«.le  load  required. 
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End-construction  Arches.  —  In  this  type  of  arch  the  cells 
and  sides  of  the  blocks  run  at  right  angles  to  the  beams,  from 
beam  web  to  beam  web.  Hence  the  arch  pressure  is  always 
against  the  ends  of  the  blocks,  and  as  hollow  tiles  are  always 
stronger  under  end  compression  than  under  side  compression  (for 
tests  see  page  588),  an  end-construction  arch  will  develop  about 
50  per  cent,  more  strength,  for  the  same  weight,  if  properly  set, 
than  a  side-construction  arch.  End-construction  lengtheners, 
at  least,  have  therefore  largely  superseded  side-construction, 
and  it  is  probable  that  fully  75  per  cent,  of  all  hollow-tile  arch 
blocks  now  used  are  of  the  end-construction  type.  The  straight 
end-construction  arch  is  more  largely  used  in  the  western  than 
in  th^  eastern  states,  especially  for  deep  arches,  and  United  States 
Government  specifications  have  usually  called  for  this  type  where 
hollow-tile  arches  are  used. 

From  the  standpoint  of  corrosion,  end-construction  skews  are 
decidedly  inferior  to  side-construction  skews,  as  the  end  bearing 
only  of  the  former  prevents  that  continuous  mortar  bed  against 
the  webs  of  the  beams  which  is  secured  when  the  side-construc- 
tion type  is  used.  A  true  and  sohd  bearing  against  the  beams 
is  also  more  difficult  to  secure  in  the  end-construction  skew. 

The  lengtheners  are  usually  made  12  inches  wide  and  12  inches 
long,  the  interior  webs  varying  with  the  depth  and  required 
strength.  Six-inch  blocks  are  commonly  made  without  interior 
horizontal  webs,  8,  9,  10  and  12-inch  blocks  with  one  horizontal 
web,  and  15  and  16-inch  blocks  with  two  webs. 

For  semi-porous  blocks  the  usual  thickness  of  the  outer  shells 
is  f  inch,  and  for  the  interior  webs  about  1  inch.  The  cells 
should  preferably  be  not  over  3.J-  inches  in  either  direction. 

Both  end-  and  side-construction  keys  are  used  in  end-con- 
struction arches,  the  former  being  generally  used  when  the  span 
requires  a  key  over  6  inches  wide,  and  the  latter  for  6  inches  or 
less. 

The  objections  to  end-construction  arches  are,  —  first,  that 
the  blocks  cannot  be  made  to  break  joint,  —  second,  that  a  true 
end-bearing  and  mortar  joint  is  more  difficult  to  obtain  than 
with  side-construction  blocks,  —  and  third,  that  more  mortar 
must  be  used  on  account  of  the  waste  in  the  cells.  Objections 
one  and  two  can  be  disregarded  in  view  of  the  excess  strength 
obtained  through  using  the  end-construction  method,  while 
objection  three  is  of  small  consequence. 
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Fig.  192.  —  End-construction  Hollow  Tile  Arch. 

Fig.  192  illustrates  a  straight  end-construction  arch  as  used 
for  short  spans  and  shallow  depths.     Fig.  193  shows  a  12-inch 


Fig.  193.  —  End-construction  Arch  with  Side-construction  Key. 

or  13-inch  end-construction  arch  with  side-construction  key, 
and  Fig.  194  a  14-inch,  15-inch  or  16-inch  arch  of  the  same 
construction. 


Fig.  194.  —  Deep  End-construction  Arch  with  Side-construction  Key. 

The  weights  of  standard  end-construction  arches  per  square 
foot  and  the  permissible  spans  are  as  follows: 


Depth  of  arch , 
inches. 

Weight,  pounds  per 
square  foot. 

Arch  set  flat, 
feet  and  inches. 

Set  with  slight  cam- 
ber, 
feet  and  inches. 

6 

7 

8 

9 

10 

12 

15 

20  to  26 
22  to  29 
24  to  32 
26  to  36 
28  to  38 
30  to  44 
37  to  50 

4-6 
5-0 
5-6 
6-0 
6-6 
7-6 
9-0 

5-0 
5-9 
6-6 
7-0 
7-6 
9-0 
10-0 

For  table  of  safe  loads,  see  page  567. 
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X-tlle  End-construetlon  Arches.  —  This  designation  ia 
given  to  blocks  having  reces^ied  sides,  thua  giving  somewhat  the 
appearance  of  the  letter  X,  as  shown  in  Fig.  195.     The  construe- 
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1&5.  — X-tile  Edtl-coiiatrdction  Arch, 

tion  was  debased  with  the  idea  of  permitting  tie-rods  to  span  the 
bays  without  the  cutting  or  interference  of  the  arch  blocks,  and 
also  of  reflucing  the  arch  weight  Iiy  the  use  of  large  voids.  As 
a  matter  of  fact  the  spacing  of  tie-rods  ia  not  often  sufficiently 
regular  t«  be  countc^i  on.  This  type  has  had  but  limited  use, 
and  is  now  seldom  em  ploy  (^.  A  deeper  and  heavier  arch  of_ 
the  same  type  is  shown  in  Fig.  196. 


96.    X-Tile  Ead-conatruction  Arch,  Iteavy  Pattern. 

"New  York"  Reinforced  End-Gonstructloii  Arch,  —  This 
construction  waa  designed  and  patented  by  Mr.  P.  H.  Bevier  of 
the  National  Fire  Proofing  Company  for  ii.se  under  the  New  York 
building  law  refjuircmi^iits.  It  was  designed  primarily  to  secure 
a  light  and  cheap  but  strong  fJoor  system  which  might  successfully 
compete  with  medium-sptm  concrete  arches^  and  w^hichj  through 
metal  rfunfortiement,  might  reduce  ttie  building  code  require- 
ments as  to  depth  of  arclj. 

The  New  York  building  law  requirea  hoUow-tile  arches  (unlesa 
reinforced,  in  which  case  they  are  subject  to  actual  testa  to  the 
satMaction  of  the  building  department),  to  be  of  a  "depth  not 
less  thttn  If  inches  for  each  foot  of  span,  not  including  any  por- 
^  tion  of  the  depth  of  the  tile  projecting  below  the  under  side  of  the 
I  beam."  Allowing  1  inch  for  the  projection  of  arches  below  the 
f  beamsj  this  would  require  an  arch  11  i  iiitlii^  ik^^i^  Iwt  ^  V^wi^* 


^i\     ^ 
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spao,  and  a  14-inch  arch  for  a  7i-foot  span*  The  New  York 
Bureau  of  Buildings  has  tcsteil  and  accepted  the  6-inch  *'New 
York"  arch  for  5-foot  spans,  and  the  S-inch  arch  for  7|-foot 
spans,  under  a  hve  load  of  150  pounds  per  square  foot.  The 
saving  in  weight  and  expense  in  both  the  floor  system  and  in  the 
supporting  stt'el  work  m  apparent. 

The  "New  York"  arch  is  particularly  adapted  to  wide  spans 
with  shallow  beams,  and  it  has  been  extensi\'ely  tjac^d  in  New 
York  City,  especially  for  hotels,  apartment  houses,  residenc 
etc.,  where  a  light  floor  is  required  at  low  cost. 

The  conntruction  is  as  ishown  in  Fig,  197.     End-construction 
blocks  are  used,  tlie  skews  usually  rcjsting  on  and  projecting 


Z 
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i4"Mortur  .Tolnt--.,  ^ — 13'^ 
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^MetalLttth 


Wire  Truss  J 
FtG.  Ift7.    "  New  York  "  Reinforced  Etitl-constniction  Art-h. 

1  inch  below  the  beams.     Between  the  successive  arch  cou 
i-inch  mortar  joints  are  used,  m  which  a  wire  truss  reinforcement, 
as  illustrated  in  Fig.  198,  is  placed »     The  open  construction 


^:^ 


Fia.   198.  —  Wire  Truss  RcmForoement,  "New  York**  Arah, 


the  wire  truas  permits  the  mortar  to  flow  freely  around  it,  and 

as  Portland  cement  mortar  is  used,  the  reinforcement  is  amply 

protected  against  both  lire  and  ctuKjaitju.    It  is  shipped  to  the 
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building  on  reels,  and  is  cut  to  proper  lengths  on  the  job  as  re- 
quired. Light  cinder  concrete  or  dry  cinders  are  used  to  level 
up  to  the  tops  of  beams. 

Where  deep  beams  are  employed,  the  blocks  may  be  set  level 
with  the  tops  of  the  beams  by  means  of  beam  protection  blocks 


^Si.i^in'[n.listl 
Ceiling'' 

Fig.  199.  —  "New  York"  Arch  with  Suspended  Ceiling. 


under  the  skews,  as  shown  in  Fig.  199.  The  soffit  may  then  be 
plastered  so  as  to  give  a  paneled  ceiling,  or  a  flat  suspended 
ceiling  may  be  used. 

Load  tests  have  shown  an  ultimate  strength  of  1600  pounds 
per  square  foot  for  a  6-inch  arch  on  a  6-fobt  span. 

The  weights  per  square  foot,  including  supporting  beams,  are 
as  follows  for  various  constructions: 


Size  of  sup- 
porting 
beams. 

Blocks  1  inch  below  I's.     Dry 
cinder-fill  to  top  of  I's.    2-inch 
wood  sleepers  with  cinder  con- 
Crete  between.    Plaster  ceiling. 
1-inch  maple  floor. 

Raised  construction.     Top  of 
arch  level  with  top  of  I's.    2- 
inch  cinder  concrete  between 
2-inch  sleepers.   Plaster  ceiling. 
1-inch  maple  floor. 

6-inch  arch. 

8-inch  arch. 

Paneled  ceiling 

Suspended  ceil- 
ing. 

Inches. 

15 

12 

10 

9 

8 

7 

•  6 

Pounds. 

73 
64 
60 
55 
51 
47 

Pounds. 

80 

67 

58 

54 

49        V 

44 

Pounds. 

52 
50 

47 

Pounds. 

56 
54 
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The  **Joli[ison  Lonjy^-span**  Floor  is  a  reinforced  eiid-con- 
etruction  system,  patentetl  by  Mr.  E*  V.  Johnson  of  the  National 
Fire  Proofing  Company.  This  iiyatem  has  been  extensively 
used,  the  manufacturers  claiming  an  installation  in  excess  of 
five  millions  of  square  feet  in  a  great  variety  of  structures. 

A  perspective  of  the  eonHtruetion  is  shown  in  Fig.  *200.  The 
floor  is  built  on  a  flat  wood  centering,  over  which  is  spreayd  a  | 


Plaster 


Wall  Tll0 


Cement 
""Metal  Fabric 

Kelnforelug  Rods 

Pio*  200.  — "Johiuon  Long-apon*'  End-eonstruclJon  Arch. 

1-inch  layer  of  1  : 4  Portland  cement  mortar  in  which  is  embedded 
a  metal  reinforcementj  consisting  of  large  steel  wires,  placed 
usually  4  ins.  apart,  tran.sversely  interwoven  with  still  larger 
wires,  or  reinforcing  rods.  These  latter  rodts,  varying  from  {  to 
J  inch  in  size  and  from  2  inches  to  8  inches  centers  atreording  to 
the  span  and  load,  run  straight  from  bearing  to  bearing.  End- 
construction  tile  varying  in  depth  from  3  inches  to  12  inches  are 
then  laid  so  as  to  break  joints  and  so  as  to  form  continuous  arches 
between  the  supports.  One-inch  mortar  joints  are  used  between 
the  courses  or  individual  arches,  and  the  whole  is  covered  with 
1  or  2  inches  of  1  :  4  ceiuent  raortar. 

This  system  ha.^  been  successfully  used  for  spans  as  great  as 
25  feet,  {>ut  16-  or  18-foot  spans  are  the  most  advantageous.  The 
principle  of  construction  is  essentially  the  same  a-s  in  flat  slab 


I 
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as  used  in  Underwritera' 
Chicago* 


LaboratoTiea,   fuo., 


concrete  floors  where  an  expanded  rnetal  or  similar  ten.sion  mem- 
ber is  placed  at  the  bottom  of  .slab,  except  that  hollow  tile  are 
subatitutetl  for  the  upper  portion  of  the  slab,  thus  materially 
reducing  the  weight. 


Arcb  carried  on  Lower  Flanges  of  Beama, 

The  strength  of  the  Johnson  system  depends  mainly  upon 
the  metal  reinforcement  and  upon  the  adhesion  of  the  lower 
layer  of  cement  mortar  to  the  stef-l  and  tile,  but  numerous  test^? 
show  that  the  construction  is  capable  of  carrying  very  great 
loads. 

A  section  of  this  floor,  16  feet  square,  supported  on  walls 
around  the  four  edges,  wsis  loaded  over  \is  entire  area  with  a  total 
uniformly  distributed  load  of  187,680  pounds  or  733  poimds  to 
each  square  foot.  The  deflection  of  the  floor  was  as  follows: 
Under  a  load  of  350  pounds  per  square  foot,  |  inch  scant;  733 
pounds  per  .square  foot,  i  inch  full* 

*  Rudolph  P,  Miller,  in  Kidder's  Arcbltects'  aud  Builders'  Fucketbook, 
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The  following  table,   used  by  the  National   Fire  Proofing 
Company,  gives  the  safe  loads  for  this  construction:  j 
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Tho  floor  construction  in  the  model  fire-resisting  building  of 
the  Underwriters'  Laboratories,  Incorporated,  Chicago,  is  of  the 
Johnson  long-span  system,  as  above  described,  but  with  a  special 
ceiling  construction.  This  consists  of  2-inch  flat,  porous  tile, 
laid  first  on  the  flat  centering  in  herringbone  fashion.  The  edges 
of  these  tile  were  grooved,  so  as  to  receive  metallic  clips  which 
were  secured  to  the  wire  reinforcement  previously  described. 
Fig.  201  illustrates  these  ceiling  tile  in  plan,  and  a  cross-section 
of  the  entire  construction.  The  exposed  joints  in  the  ceihng 
tile  were  raked  out  after  the  centering  was  struck,  and  were  then 
pointed.     The  floors  were  finished  with  a  smooth  coat  of  cement. 

By  lowering  the  regular  Johnson  construction  so  that  the 
metal  reinforcement  and  the  skews  will  bear  on  the  lower  flanges 
of  the  beams,  a  flat  ceiling  may  be  obtained  as  shown  in  Fig.  202. 
This  arrangement,  however,  is  not  as  economical  as  the  former, 
as  the  concrete-fill  is  usually  much  more  than  is  required  for 
strength. 

Combination  End-  and  Side-construction  Arches.  —  Hol- 
low-tile arches  made  of  side-construction  skews  and  keys  in  com- 
bination with  end-constru6tion  lengtheners  may  properly  be 
considered  the  standard  terra-cotta  arch  practice  of  the  present 
day.  They  are  almost  invariably  used  in  the  eastern  states 
unless  some  special  type,  hke  the  ''Excelsior"  or  ''New  York" 
reinforced  arch,  is  specified. 

This  combination  has  largely  been  brought  about  by  the 
manufacturers  of  hollow-tile  floors  for  the  following  reasons:  — 
first,  on  account  of  the  greater  facility  with  which  the  side-con- 
struction skews  may  be  set  in  place  against  the  beams,  —  second, 
on  account  of  the  better  protection  afforded  the  beam  webs 
against  corrosion,  through  the  continuous  mortar  joint,  —  and 
third,  on  account  of  saving  the  mortar  lost  in  the  voids  of  end- 
construction  skews.  These  points  have  been  considered  in 
detail  in  previous  paragraphs,  but  a  fourth  practical  considera- 
tion in  connection  with  combination  arches,  not  previously 
touched  upon,  is  the  better  protection  afforded  the  beam  webs 
and  lower  flanges,  against  fire,  through  the  use  of  side-construc- 
tion skews.  Thus  if  the  lower  outside  shell,  or  the  soffit,  of  an 
end-construction  skew  is  damaged  or  split  off  under  fire,  the 
beam  flange  and  lower  portion  of  web  are  exposed,  whereas  in 
the  side-construction  skew,  a  similar  occurrence  would  still  leave 
the  vertical  shell  against  the  beam.    Also,  in  the  end-<iQiistxviR.- 
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tion  skew  the  soffit  shell  is  usually  of  considerably  more  area  and 
much  wider  between  the  Biipportiog  vertical  shells  than  in  the  i 
6ide-<?onHtniction  skew,  and  is^  therefore,  much  more  hable  to 
aplit  off  under  fire. 

Fig.  203  shows  the  standard  combination  arch  made  by  the 
Illinois  Terrflr-cotta  Lumber  Company j  Chicago,  the  depths  and 


Fig,  203.  —  Combioatiou  Arch*  I 

weights  of  which  are  as  follows:  7-inch  arch,  2S  pounds;  8-inch 
arch,  30  pounds;  9-inch  arch,  32  pounds;  IChinch  arch^  34 
pounds;  11-inch  arch,  35  pounds;  12-inch  arch,  38  pounds;  13- 
inch  arch  10  pounds;  14-inch  arch,  43  pounds;  lt5-inch  arch, 
46  pounds;   16-inch  arch,  50  pounds. 


(Outer  Shell,  Ji'thi&k 
^Ipn«r.Bib8^  K''   " 

Fio.'SO'i.  —  CombiflBtion  Arch,  IT,  S.  Court  House  and  Post  Office, 
Los  Angles,  Cai. 

Fig.  204  shows  the  alternate  oombmation  hollow-tile  floor  con- 
struction as  specified  for  the  United  States  Court  House  and 
Post  Office  at  Los  Angeles,  CaL 

The  following  table,  use<l  by  the  National  Fire  iVoofing  Com- 
pany, gives  the  safe  loads,  etc.,  for  various  depths  of  arches  and 
Bpans  for  either  end-  or  combination-Gonstruction  arches. 

SAFE  LOADS  —  END-  ANB  COMBOi  ATION-CONSTEUC 
TION  FLAT   AfiCHES. 

Material,  aemi-porous.    Factor  of  «afcty,  7. 
The  foUowini;  table  \a  applieable  to  all  ^ap«<^  uf  blocks.     Tbe  areas  given 
mre  obiAined  by  passing  a  plane  through  the  block«  at  right  angles  to  all  the 
^reb&  (insteud  o£  parallel  to  the  woba  aa  m  pieviouft  tables).    Gener&Uy  speak' 
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inc  end-construction  blocks  of  various  shapes  but  of  the  same  depth  and  cross- 
sectioiial  area  have  equal  strength. 

The  weight  of  the  arch  has  not  been  deducted  from  safe  loads  in  table  below, 
therefore  this  and  other  dead  load  must  be  deducted  to  obtain  the  net  safe  live 
load  for  may  areh  and  span. 


Arohee.    ( 

(in. 

7  in. 

8  in. 

9  in. 

10  in. 

12  in. 

15  in. 

AiWM.   81 

Bq.ia. 

"^- 

37  sq. 
in. 

40  sq. 
in. 

43sq.in. 

49sq.in. 

58sq.ia. 

ft'SSTin.  ' 

.bs. 

r,bn. 

T,b«. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

1-6     1 

1928    2 

S468 

3069 

3733 

4459 

6097 

9022 

2-0     1 

065    ] 

1388 

1726 

2100 

2508 

3430 

5075 

2-« 

094 

888 

1104 

1344 

1605 

2195 

3248 

8-0 

482 

617 

767 

933 

1114 

1524 

2255 

8-3 

410 

525 

654 

795 

950 

1299 

1922 

8-6 

354 

453 

563 

685 

819 

1120 

1657 

8-9 

308 

394 

491 

597 

713 

975 

1443 

4-0 

271 

347 

431 

525 

627 

857 

1268 

4r3 

240 

307 

382 

465 

555 

759 

1124 

4-6 

214 

274 

341 

414 

495 

677 

1002 

4-0 

192 

246 

306 

372 

444 

608 

900 

6-0 

m 

222 

276 

336 

401 

548 

812 

6^ 

157 

201 

250 

304 

364 

497 

736 

6-0 

143 

183 

228 

277 

331 

458 

671 

fr-0 

131 

168 

208 

254 

303 

415 

614 

6-0 

120 

l64 

191 

233 

278 

381 

563 

6-3 

111 

142 

176 

215 

256 

351 

519 

6-6 

131 

163 

198 

237 

324 

480 

6-9 

121 

151 

184 

220 

301 

445 

7-0 

113 

140 

171 

204 

280 

414 

7-6 

122 

149 

178 

243 

360 

8-0 

107 

131 

156 

214 

317 

8-6 

116 

138 

190 

281 

9-0 

103 

123 

169 

250 

9-6 

111 

162 

225 

10-0 

100 

137 

203 

10-6 

.... 

124 

184 

11-0 

113 

167 

11-6 

103 

153 

12-0 

95 

141 

Example:  What  load  will  an  8-inch  arch  carry  with  a  factor  of  safety  of  5 
for  a  span  of  5  feet  6  inches,  the  blocks  having  a  sectional  area  parallel  to  the 
beams  of  44.25  square  inches  (the  webs  being  }-inch  thick  and  three  horizontal 
and  four  vertical)? 

The  area  of  8-inch  arch  used  in  table  is  37  square  inches.  44.25  -^  37  «  1.19. 
Safe  load  given  in  table,  228  X  1.19  =  271  pounds.  Weight  of  arch  =  44.25  X 
12  =  531  cubic  inches  X  .06  =  say  32  pounds;  271  —  32  =  239  safe  load  per 
square  foot  for  factor  of  safety  of  7;  271  X  7  =  1897  -^  5  =  379  -  32  =  247 
safe  load  per  square  foot  for  factor  of  safety  of  5. 

"Excelsior"  End-  and  Side-construction  Arcli.  —  This 
combination  arch,  made  by  Henry  Mamrer  &  Son,  New  York, 
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as  shown  in  Fig.  205,  is  practically  the  same  as  the  X-tile  end- 
construction  type  previously  described,  except  that  side-con- 


FiG.  205.  —  "Excelsior"  Combination  Arch. 

struction   skews  are  used.     The  following  spans,   depths  and 
weights  per  square  foot  are  given  by  the  manufacturers : 

8-inch  arch,  5-foot  to  6- foot  span,  27  pounds  per  square  foot. 

9-inch  arch,  6  foot  to  7-foot  span,  29  pounds  per  square  foot. 
10-inch  arch,  7-foot  to  8-foot  span,  33  pounds  per  square  foot. 
12-inch  arch,  8-foot  to  9-foot  span,  38  pounds  per  square  foot. 

Depth  of  Standard  Flat  Arches.  —  A  safe  rule  for  deter- 
mining the  proper  depth  of  flat  standard  hollow-tile  arches  is 
that  the  depth  in  inches  should  equal  the  span  in  feet  X  1  i  +  the 
2-inch  projection  of  the  arch  below  the  beams. 

The  best  practice  is  to  make  the  arch  blocks  1  inch  deeper  than 
the  supporting  beams,  in  which  case  the  top  of  the  arch  is  set 
1  inch  below  the  tops  of  beams,  thus  allowing  the  blocks  to  pro- 
ject 2  inches  below  the  beams,  as  shown  in  Fig.  206.     Concrete 


FiQ.  206.  —  End-construction  Arch,  Wanamaker  Store,  N.  Y. 

i3Jling  should  then  be  leveled  up  to  or  above  the  tops  of  beams, 
SIS  explained  in  later  paragraph  ''  Floor  Finish."     Arches  2  inches 
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deeper  than  the  deepest  beams,  aa  uskI  in  the  Milwauk*^  Elecitrie 
Railway  and  Light  Comptiny'e  Building  are  shown  in  Fig.  207. 


Fio-  207. — Combination  Arch,  Milwaukee  Electric  Ry,  &  Light  Co/s  Building. 

Deep  arches  with  a  shidlow  foiiiTcto  fill  are  not  only  much 
Btronger  but  are  also  lighter  in  wmght  than  a  sli!dK»wer  arch  wilh 
more  fill,  Thns  for  a  span  of  6  feet,  between  t2-incli  beams, 
10-inch  and  12-inch  arches  of  a  total  depth  of  ISj  inches,  may 
be  contracted;  ihb  to  weight,  a^  follows: 


I 


lO-iQch  arch. 

12<mch  arch. 

i-int'.h  granolithic  floor 

Cinder-eonrrettJi  filL    .....».,, 

Lbs. 

10 
4  ina,,  22 

S6 
5 
5 

Lb«. 
10 

2  ins,,  11 

HoUow-tile  arch  ,...,..* 

40 

Plastering , .  . . , 

5 

Beams 

5 

Tohil  dead  load 

78 

71 

Tile  filler  blacks,  a^  shown  in  Fig.  205,  are  sometimes  em]}kiyed 
instead  of  concrete  fill  over  the  arehe^j  but  they  add  nothing 
to  the  strength  of  an  arch  while  they  arc  more  expensive  than 
if  the  arch  bloeka  were  increa-scd  by  an  equivalent  depth. 

BhIhimI  Skewbacks.^Tlie  i>m*poi?e  i*f  thiw  form  is  to  reduce 
the  dead  loud  or  w<'ight  of  the  arch  itM'lf,  or  to  re<hjce  the  amount 


151 


FiQ.  208.  —  Side-eoQdtruclion  Ajuch  with  Raisecl  Skewbaoks.  j 

of  concrete  filling  neeesnary  to  level  up,  to  or  cover,  the  beams, 
Figt5.  208,  209  and  210  show  forms  of  raise<J  skewback>*  for  side-, 
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^ 


teid-  and  comb ination-construpt ion  arches  respectively.     These 
fare  often  used  in  floor  or  roof  conijtructiOiij  wherCj  in  consequence 


Fio.  209.  —  End-coitBtructioii  Arch  with.  Raised  Skewbacks, 

of  deep  beams  made  necessary  by  long  spans,  the  floor  archer 
can  be  made  of  a  shaflower  depth  than  the  beams,  thereby  ma- 


Fia.  210. 

teriaUy  reducing  the  load  per  square  foot  and 
cost. 

Segmental  Arehes  are  the  clieapest  and  strongest  hoflow^tile 
arehes  made,  but^  on  account  of  the  arched  ceilings  rcsiflting 
from  the  employment  of  such  forms,  their  use  has  generaUy  been 
limited  to  warehouses,  factories,  lofts  or  breweries,  etc.,  where 
considerable  loads  have  to  be  carried  without   regard  to  the 


Double  Kowlock  Arcb 
Fia.  21L  — ' 


Haveratrnw' 


Slntrlt'HnwlChckAft 
Hollow  Brick  SeRmental  Arche; 


I 


appearance  of  the  ceiling.  In  oflice  and  store  buildings  a  ceiling 
of  unbroken  plane  is  usuaUy  desired  on  account  of  the  appear- 
ance, as  well  as  for  the  sake  of  the  light,  which  Is  better  reflected 
from  a  uniform  surface  than  from  a  broken  or  segmental  ceiling. 
A  level  ceiling  is  also  more  effective  from  a  tire-resisting  stand- 
point, as  has  previously  been  shown  (see  page  342),  For  par- 
ticularly heavy  loads,  sis  in  driveways  where  loaded  teams  must 
be  provided  for,  segmental  arches  shotild  preferably  be  made  of 


double-rowlock  *'  Haverstraw"  hoMow  brick,  as  shown  Id  Fig.  211. 
This  construction  will  weigh  31  pounds  per  square  foot  for  the 
4-inch  or  emgle-rowlock  arch,  and  65  pounds  for  the  S-inch  or 
double  rowlock. 

For  ordinary  loads^  segmental  arches  are  generally  made  of 
6-inch  or  8-inch  holiow-tile  blocks,  of  the  side-conistruction 
method,  as  shown  in  Fig.  21 2.     This  type  is  both  Ughter  and  more 


Fia.  212.  —  Sid(M3on9truetioa  Segmental  Arch. 


economical  than  the  hollow-brick  arch,  and  for  ordinary  condi- 
tions the  6-inch  arch  will  be  found  sufficieni .  The  weight  per 
Bquare  foot  of  the  usual  6-inch  segmental  arch  is  27  pounds,  and 
of  the  8-inch  areli,  3S  pounds. 

The  end-construction  method  is  sometimes  employed  for  seg- 
mental arc  hoe,  hut  it  is  unsatisfactory^  unless  the  arches  are  of 
tinifonn  span  and  rise  throughout.  In  the  side-construction 
arch  J  the  rise  may  be  van<?d  by  increasing  or  decreasing  the 
thickness  of  the  mortar  in  the  upper  portions  of  the  joints  be- 
tween the  blork;?,  but  this  cannot  be  done  with  end-construction 
blocks. 

Segmental  arches  have  been  successfully  used  in  spans  as  great 
as  24  feet,  but  16  feet  should  ordinarily  be  the  hmit.  The  rise 
should  be  not  less  than  1  inch  per  foot  of  span,  and  IJ  inches  is 
preferable.  For  long  spans  or  heavy  loadn,  sub.Ktatitial  skews 
are  necessary  to  resist  the  arch  thrust.  In  some  instances  the 
second  blocks  from  the  skews  are  made  to  line  with  top  of  arch, 
as  shown  in  dotted  lines  in  Fig.  212.  the  idea  being  to  bring  the 
concrete  haunches  back  of  these  blocks  in  compression^  so  as 
I  pailly  to  reheve  the  thrust  on  the  skewbacks. 

Raised  skewbacks  are  sometimes  employed  wdth  elhptical 
arches.  The  arch  is  thereby  raised  at  the  skew»  and  correspond- 
ingly flattened,  thus  decreasing  the  dead  load  of  concrete 
haunches,  but  decreasing  the  strength  of  the  arch  as  weU. 

A  short -span  6-inch  segmental  arch  with  full  depth  skews^ 
aa  ujsed  in  the  Western  Electric  Company's  Building,  Chicago^ 
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is  shown  in  Fig.  213.  Skews  of  this  pattern,  with  rounded  lips 
to  hold  the  soffit  tile,  are  easier  and  cheaper  to  plaster  than  those 
forming  an  arris. 


\vou<l  Floor 


Rrjuiitiud  Skew 


m^ 


Fig.  213.  —  Short-span  Segmental  Arch,  Full  Depth  Skews. 

Segmental  arches,  whether  made  of  hollow  brick  or  tile,  should 
always  be  laid  so  as  to  break  joints,  brick  fashion.  The  haunches 
should  be  filled  in  with  cinder  concrete,  which  should  be  leveled 
up  to  a  point  not  less  than  1  inch  above  the  crown.  This  to 
prevent  a  direct  concussion  upon  the  blocks  themselves.  On 
long-span  arches  the  concrete  should  be  of  good  quality,  as  the 
strength  of  the  arch  at  the  haunches  or  end-quarter  portions  of 
the  span  largely  depends  upon  the  concrete,  especially  under 
uneven  loading.  , 

Segmental  Arches  with  Suspended  Ceilings. — The  cm-ved 
soffit  resulting  from  the  use  of  segmental  arches  may  be  concealed 
by  the  use  of  a  suspended  ceiling  as  shown  in  Fig.  214,    This 


FiQ.  214.  —  Segmental  Arch  with  Suspended  Ceiling. 

form  of  construction  has  been  largely  employed  in  the  newer 
public  school  buildings  in  New  York  City.  It  is  both  strong  and 
economical  under  long  spans,  where  heavy  loads  are  specified; 
but  where  the  spans  are  moderate,  so  that  an  ordinary  flat  arch 
may  be  used,  the  latter  is  to  be  preferred. 

The  efficiency  of  suspended  ceiUngs  has  been  discussed  in 
Chapter  XI,  page  343. 
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In  the  following  table,  as  used  by  the  National  Fire  Proofing 
Company,  the  safe  loads  for  segmental  arches  are  given  with  a 
factor  of  safety  of  7.  Blocks  with  the  following  sectional  areas 
(per  foot  of  arch  parallel  with  beams),  are  assumed:  4-inch  arch, 
28  square  inches;  6-inch,  36  square  inches;  8-inch,  43  square 
inches;  10-inch,  47  square  inches.  The  weight  of  the  arch 
blocks  has  been  deducted  in  the  table,  so  that  only  the  dead  load 
of  concrete  fill,  plastering,  etc.,  must  be  deducted  to  obtain  net 
live  load. 

Explanation  of  Table. 

The  safe  load  in  pounds  per  square  foot  uniformly  distributed 
is  for  a  factor  of  safety  of  7  for  semi-porous  material  for  blocks 
of  sectional  areas  given  at  head  of  table.  To  obtain  safe  load 
of  blocks  of  any  other  thickness,  compute  the  cross-sectional 
area  in  compression  per  lineal  foot  of  arch.  Divide  this  area  by 
the  area  of  the  block  used  in  table.  This  will  give  the  safe  load 
coefficient  for  this  special  block.  Multiply  any  weight  given 
in  table  for  the  same  depth  of  arch  by  this  coefficient,  and  it  will 
give  the  safe  load  for  the  special  arch.  The  weights  of  the  arch 
blocks  have  been  deducted  to  give  the  table  weights.  Deduct 
other  dead  loads  of  concrete  fill,  plastering,  etc.,  to  obtain  safe 
net  load. 

Example.  —  What  is  the  strength  of  a  6-inch  segmental  arch, 
span  7  feet,  rise  IJ  inches  per  foot  of  span,  side-construction 
blocks  having  three  horizontal  webs  f  inch  thick?  Cross-sectional 
area  equals  f  inch  X  12  inches  X  3  inches,  equals  22.5  square 
inches,  which,  divided  by  36,  equals  .62,  the  coefficient.  There- 
fore, 834  pounds,  given  in  table,  X  .62  equals  519  pounds  safe 
load  required.  If  the  arch  blocks  are  used  end  construction,  all 
the  webs  would  be  in  compression,  and  the  sectional  area  of  a 
block  with  four  vertical  and  three  hroizontal  ribs  X  I  inch  thick 
is  32.8  square  inches,  which,  divided  by  36,  equals  .91,  the  coeffi- 
cient.    834  X  .91  equals  759  pounds. 

The  weights  deducted  for  dead  load  of  arches  in  table  are  as 
follows:  4-inch  arch,  17.3  pounds;  6-inch,  21.6  pounds;  8-inch, 
25.8  pounds;  10-inch,  28.5  pounds.  To  obtain  weight  of  any 
block,  multiply  its  cross-sectional  area  in  square  inches  by  12 
inches,  equals  cubic  inches  of  material  per  lineal  foot,  wliich, 
multiphed  by  .06  pounds,  equals  weight  required  for  semi- 
porous  material. 
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SAFE  LOADS  — SEGMENTAL  ARCHES. 
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Soffit  TJ1<*  are  dmcussed  in  later  paragraphs  "  Beam  and  Girder 
Protections/^  etc. 

TJe-Eods**  —  The  use  of  tie-rods  is  necessary  in  all  flat  and 
segmental  tile  arches,  to  take  up  the  lateral  thrust  due  to  unequal 
loading  on  the  different  bays. 

If  tie-rods  for  segmental  arches  are  proj>erly  placed  —  that  is, 
within  the  lower  third  of  the  beam,  or  preferably  at  the  center 
of  the  skew  ■ —  their  necessary  o3cposure  conntitutes  a  serious 
objection  to  the  use  of  this  type  of  arch  unless  a  suspended 
ceiling  is  used.  Where  a  level  ceiling  is  not  employed,  the 
methods  of  protecting  the  tie-rods  against  attack  by  fire  are 
unsightly  and  nn»sati8factory.  Special-shaped  tiles  are  sometimes 
used  J  giving  a  paneled  effect  to  the  arches,  ix^  shown  in  Fig,  215. 


FiQ*  215.  — Segraentak  Arch  with  Protected  Tie-rod. 


Owing  to  the  unsightliness  of  exposed  tie-rods^  and  the  diffi- 
culty and  expense  of  properly  protecting  them,  they  are  often 
moved  up  to  a  line  about  11  inches  abo%'e  the  soffits  of  seg- 
mental arches  (as  shown  in  Fig,  213)^  in  which  case,  especially 
if  the  loads  are  lieavy  or  the  spans  long,  all  outjsidc  spans  or 
spans  next  to  well  holes  should  be  provided  with  either  crossed 
( Jx:J)  or  forked  (J?^ — ^)  tie  rods. 

Celling  Finish.  —  The  under  surfaee  of  tile  floor  arelieiS  is 
usually  finished  by  applying  two  coats  of  plaster  and  one  coat  of 
ekimrning.  Many  forms  of  terra-colta  floor  blocks  are  grooved 
or  "scored^*  before  being  burned,  in  ordei  to  afford  a  key  for  the 
plaster.  This  is  indicated  by  Figs.  189  and  190. 
I  If  irregularities  exist  in  the  trueness  of  the  ceiling,  they  may 
be  built  down  to  a  level  surface  when  the  brown  or  second  coat 
of  plaster  is  apph'ed.  False-beam  effects  may  be  secure<i  by  the 
use  of  metal  furring,  as  described  in  Chapter  XXL 

Floor  Finish.  —  Where  the  arches  do  not  extend  up  to  the 
tops  of  the  sijpporting  beams,  this  space  must  be  leveled  up  with 
concrete.  If  wood  floors  are  used,  naihng  strips  or  "screede** 
*  See  also  Chapter.XI,  pftse  333. 
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must  be  jilaced  to  reecive  the  flooring,  the  intervening  epac( 
being  aho  filled  with  cinder  concrete. 

Nailing  strips  are  usually  made  of  a  dovetailetl  shape,  abou' 
2}  inches  wide  at  the  top,  3^  inches  wide  at  the  bottom,  and 
2  inches  thick.  These  are  run  over  and  at  rip;ht  angles  to  the 
beams,  being  held  in  plare  by  some  form  of  clip  which  secures 
them  to  the  f)eairi  flanges. 

After  all  piping  or  wiring  wldch  is  intended  to  go  betow  the 
flooring  is  in  place,  the  spaces  between  the  screeda  are  filled  with 
cinder  concrete*  This  should  never  be  omitted,  as  air-spaces 
under  the  flooring  will  largely  contribute  to  the  spread,  intensity ^ 
and  resultant  damage  of  fire.  This  was  well  iHustrnte^l  in  the 
Home  Life  Builtling  fire,  tleseribed  in  Chapter  VI.  In  this  case 
e\en  the  concrete  filling  between  the  beams  was  dispensed  wit] 
resiiltJtig  in  the  failure  of  several  beams  and  the  complete  d\ 
Btriictioii  of  ncfu'ly  ail  wood  flooring. 

The  importance  of  good  quahty  cinder  '"fill"  as  a  levelinj 
between  screeds,  etc.,  has  been  pointed  out  in  Chapter  XI. 

If  a  double  flooring  is  ii.se^l,  a  J-ioch  under-flooring  is  first 
on  the  .screeds,  upon  which  is  placed  the  finished  floor*     If  oi 
one  thicknesa  is  used,  l}-inch  matched  stock  is  most  commo] 
Another  method  is  to  lay  a  2-inch  plank  floor  directly  on  tl 
beamsp  secured  by  means  of  clips,  over  which  is  generally  place( 
a  finished  flooring.     The  height  of  the  finisherJ  flooring  above  the 
beams  is  made  as  small  as  possible,  liut  it  is  seldom  lt^ss  than  t 
inches.  1 

Wood  floors  are  gradually  being  eliminated  in  many  fire- 
resisting  buildings.     Floors  with  a  cement,  granolithic,  mosaii 
or  tile  finish  are  being  extensively  employed* 

Weather  and  Stain  Frotcetlan-  —  Terra-eoita  floors  shoult 
alv^ays  be  protected  again.st  rain  or  snow,  if  ajit  to  be  followed  by 
freezing  and  thawing,  as  the  mortar  joints  will  be  injured.  This 
would  probably  result  in  a  later  deflecliori  of  the  arches.  The 
blocks  themselves  are  also  weuken^l  liy  the  acf,ion  of  frost,  and, 
if  long  continued,  are  liabh?  to  crack  and  aflow  the  falhng  of  the 
arch. 

If  plastered  ceilings  are  to  be  used,  the  terra-cotta  work  should 
be  protected  against  the  smoke  or  soot  coming  from  hoisting 
engines  directly  beneath. 

MelhfMl  of  Setting.  —  For  the  erection  of  terra-cotta  arches 
wooden  centers  are  used.     In  the  eastern  states,  iron  cUps,  about 
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2i  inches  by  §  inch  in  size,  are  first  hooked  aroimil  the  up|n?r 
flanges  of  the  l-brauis,  and  from  these  are  i^usperuled  J-inoh 
diameter  hook.H  or  lodxS,  with  ii  threjid  and  mil  td  the  top  for 
adjustment,  and  a  liook  at  lh<?  bottom  to  support  the  wood 
stringers     which     run      at  j. 


I 


m^ 


Fi<i.  216. 


—  Detail  of  Ccritcra  for  Hollow 
Tile  Flat  Arrhes, 


right  angles  to  the  beams. 
On  the  stringers  are  phieed 
2-inch  phmkw,  dressed  on 
one  side  to  a  uniform  thick- 
ness, laid  close  together,  in 
a  direction  par.iMel  to  the 
beam^s.  These  plankx^  re- 
ceive the  terra-cot  ta  blocks 
(see  Fig.  216). 

In  adju-Htiug  the  centers, 
a  sufficient  canvher  Hhtiuld 
be  given  to  make  up  what- 
ever spring  there  may  be  to  the  stringers  during  ttic  time  of 
Betting.  ThiiS  camber  18  usually  made  by  lajdng  upon  the 
stringers,  between  the  beams,  wood  strips  sawed  with  a  rise  of 
about  ^  of  an  inch  per  foot. 

In  setting  tiie  tile  it  h  very  common  to  build  the  ai-ches  in 
string  courses  on  the  beams,  first  setting  all  the  skews,  then  all 
the  lengl lienerw  and  finally  all  the  keys.  Thi.s  is  bad  practice, 
as  it  loads  the  center,  both  planks  and  .stringers,  to  excess,  caus- 
ing too  great  a  dettcction.  In  the  end-f:onstruction,  the  arches 
Bhould  be  buiU  one  by  one,  each  being  complete  before  the  next 
is  started. 

Skews. — As  the  protection  of  the  lower  flanges  of  the  steel 
beams  is  of  vital  imjxirtance  in  case  of  fire,  great  care  is  necessary 
in  the  placing  of  the  skews  and  the  soffit  tile*  Among  builders 
generally,  this  is  passed  by  without  ihu*  attention.  It  is  cus-  < 
tomary,  in  setting  a  skew  with  the  beam  protection  worked  on 
the  block,  to  spread  the  mortar  on  the  top  of  the  lower  flange, 
and  then  push  the  skew  In  place.  In  setting  the  skew"  in  this 
manner  no  cai'C  is  taken  to  see  that  the  bottom  of  the  beam  is 
given  any  room  in  which  to  eximrid  under  excessive  heat,  as  in 
most  cases  the  protection  on  the  skew"  wdl  be  in  contact  with 
the  beam.  When  expansion  of  the  beam  does  occur,  the  beam 
protection  will  break  away  and  expose  tht^  stec^lwork. 

To  avoid  tliis,  tiie  distance  between  the  beam  protectioa  qxl 
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the  f?kew  and  the  mat  of  the  skew  where  resting  on  the  lower 
flange  of  the  beam  should  be  considerably  larger  than  the  actual 
measurement  of  the  beam  flange  itself,  plus  the  space  required 
for  a  proper  mortar  bedding.  Tht*  mortar  should  be  spread  aa 
thinly  as  is  praelicablr  to  give  a  perfect,  betiding  for  the  skew^. 
If  set  in  this  manner,  the  protet^tion  lip  on  the  skew  will  be  at 
some  distance  from  the  beam,  and  when  expansion  occurs  the 
protecting  flange  will  not  break  away,  ^J 

Soffit  Tile.  "In  setting  skews  with  separately  aj>plie<l  soffi^^ 
tile,  the  same  care  is  necess^uy  to  prevent  the  latter  from  coming 
in  contact  with  the  beam.  The  soffit  tile  should  be  placed  on 
tlie  centering,  without  mortar.  They  should  be  of  sufficient 
width  to  come  in  contact  with  the  skews,  and  what  mortar  is 
ust?d  in  setting  the  skews  should  be  high  up  on  the  beveled  lips, 
BO  that  whejx  the  skews  are  placed  the  mortar  is  largely  at  the 
top  edges  of  the  soffit  tile,  forcing  them  rather  away  from  the 
beam  than  towards  it.  Tht^c  sc^parate  soffit  tile  are  usually 
made  12  inches  long,  and  in  a  variety  of  widths  to  suit  the  differ- 
ent sizes  of  beams  used.  ^| 

In  securing  the  centers,  care  should  be  taken  to  see  that  su^^H 
cient  room  is  left  between  the  top  of  the  center  and  the  bottom 
of  the  beam  to  permit  the  placing  of  the  soffit  tile  as  before 
dcscribcfl,  and  when  the  latter  are  in  position  the  center  should 
be  tightened  up  enough  to  hold  them  well  in  place,  but  ho^H 
enough  to  break  them.  ^^ 

As  the  skews  are  set,  the  beam  webs  should  be  thoroughly 
coated  with  mortar  as  a  protection  against  (iorrosion.  Thia 
coating  should  be  continuous,  w^ithout  voids.  ^H 

Lengtheners  and  keys  should  be  sufficiently  bedded  to  give  a^B 
even  bearing,  one  block  to  another.     AU  joints  should  be  fiUed 
with  mortar,  especially  at  the  top.     The  blocks  must  be  in  close 
contact,    well   shovtHl    in    place.     In    setting    end-construction 
longtliejicrs,  special  care  is  necassary  to  see  that  they  are  plac^ 
to  a  true  line,  so  as  to  give  full  bejiriugs  of  webs  to  webs.     Th^ 
are  easily  placed  out  of  line,  either  sideways,  or  one  higher  than 
the   other,    thereby   weakening   the   construction.     If   a   space 
occurs  at  one  side  of  a  key,  a  solid  slab  of  tile  should  be  inserteil, 
well  covered  with  mortar;  or,  if  the  opening  is  too  small  for  th 
I  a  slab  of  alate  should  be  used.    Keys  should  never  be  forced  i 
place, 

T^p  Coating,  —  The  topa  of  all  hollow-tile  arches,  whether  flat 
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or  sefiimental,  slioiiUi  preferabl^^  be  coverod  with  a  coat  of  Port* 
land  pcnjcnt  mortar  at  lejist  i  iiif h  thick,  trowtleti  fairly  t^mooth. 
If  pipes  are  allowed  to  penetrate  the  arches,  such  holes  should 
be  carefully  pointed  up  after  the  work  Is  finished*  This  practice 
will  make  the  arch  waterproof,  or  practically  so. 

M&rtar.  —  All  hollow  tile  should  be  thoroughly  wet  before 
using,  especially  in  warm  weather,  as  otherwise  the  .suction  of 
the  tile  will  take  the  water  from  the  mortar  too  freely,  causing 
the  mortar  to  lose  etrength.  Hollow-tile  work  should  not  be 
eet  when  the  water  or  mortar  will  freeze. 

For  mortar,  enough  lime  putty  should  be  added  to  Portland 
cement  mortar  to  make  it  Irowel  smoothly.  Hot  lime  morlar 
should  never  be  used.  Pure  cement  mortar  is  tcH>  short,  and  is 
apt  to  roU  off  the  tile  before  full  joints  are  obtained. 

Remornl  of  Centers,  —  In  dry  weather  the  centers  should  re- 
main in  place  at  least  48  hours.  In  wet  weather  they  should 
remain  considerably  longer^  depending  upon  the  exposm'c  to 
moisture. 

Centering  Segmental  Arches.  —  Under  the  beams  are  hung 
stringers  made  of  plank  wirlo  enough  to  project  on  each  side 
beyond  the  beam  flanges,  thus  making  a  shelf  on  which  may  rest 
the  curved  ecnlering.  These  usually  consist  of  2'in<3h  plank, 
cut  to  radius  along  the  top  edge,  and  placed  on  edge  at  intervals 
to  receive  G-inch  by  J-inch  boards,  forming  the  segmental  surface. 

Where  the  spans  are  variable,  but  with  the  same  rise  per  foot, 
it  is  best  to  make  the  centers  for  the  w^idest  spans.  These  can 
then  he  cut  away  at  the  sides  and  be  made  to  fit  the  shorter  spans. 

Betalls  Be(|iLirIiig  Careful  Ins|iecttOTi»  —  In  setting  any 
type  of  hollow-tile  floor-arch  construction,  great  care  must  be 
exercised  to  restrict  the  use  of  broken  or  imperfect  tile;  to  pre- 
vent carelessness  in  opposing  rib  to  rib  in  the  same  arch  ring-;  to 
secure  properly  mortared  joints;  to  protect  properly  aU  exposed 
portions  of  the  steel  framework^  and,  in  general,  to  obtain  uni- 
formly good  workmanship  in  all  details  of  setting. 

Defects  in  setting  are  often  hard  to  detect,  as  the  blocks  are 
laid  on  wooden  centering,  and  while  the  top  may  appear  to  fulfil 
all  condititms  of  good  workmanship,  the  bottom  may  look  very 
different  when  the  centering  is  removed.  The  architect  is  very 
apt  to  pass  over  such  defective  work,  owing  to  delay  if  replace- 
ment is  demanded,  and  the  excuse  of  "common  practice*'  justi- 
fies the  results. 
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The  great  carelessness  which  may  obtain  in  the  setting  of  tile 
arches  was  well  pointed  out  in  an  article  on  * 'Hollow-tile  Fire- 
proofing  in  the  Park  Row  Syndicate  Building/**  and  the  defects 
in  setting,  above  enumerated,  were  strikingly  illustrated  by  photo- 
graphic views  taken  throughout  the  building.  Such  defects  are 
due  to  injured  material  and  poor  workmanship,  rather  than  to 
the  nature  of  the  arch  material  itself;  and  as  all  of  these  faults 
can  be  corrected  by  a  more  careful  supervision  of  the  workmen, 
and  more  careful  handling  and  closer  inspection  of  the  material, 
such  inspection  and  care  become  of  great  importance. 

Beam  and  Girder  Protections. 

Experience  In  Baltimore  Fire.  —  The  following  criticisms 
regarding  the  protections  of  beam  soffits  and  girders,  as  exhibited 
in  the  buildings  which  passed  through  the  Baltimore  conflagra- 
tion,' are  from  the  "Conclusions"  given  in  the  report  of  the 
National  Fire  Protection  Association  Committee: 

The  covering  for  lower  flanges  of  beams  and  girders  should 
not  be  less  than  2  inches  thick,  and  should  not  be  held  by  exposed 
metal  clips,  nor  by  mortar  alone.  Wedge-shaped  flange  tile 
held  by  skewbacks  of  tile  arches  as  ordinarily  constructed  cannot 
be  depended  on.  owing  to  the  breaking  of  the  tile.  Shoe  tiles 
for  girders  are  also  unrehable  for  the  same  reason. 

The  protection  furnished  by  the  fire-protective  coverings 
on  the  lower  flanges  of  beams  and  girders  was  generally  unsatis- 
factory where  the  heat  was  of  more  than  usual  intensity.  The 
steel  work  at  these  points  was  almost  invariably  found  exposed. 

The  failure  of  this  protection  was  due  to  a  variety  of  causes, 
the  most  apparent  being  the  failure  of  the  sheet-metal  cfips  used 
to  hold  the  flange  tile;  the  dropping  of  tile  which  was  only  held 
in  position  by  mortar;  the  breaking  off  of  the  skewbacks  with 
the  lower  web  of  the  tile  arches,  and  the  breaking  off  of  the  shoe 
tile  at  a  point  opposite  the  edges  of  the  flanges.  In  some  in- 
stances the  failure  of  shoe  tile  also  permitted  the  tile  protection 
to  the  web  plates  of  girders  to  fall  off. 

Supplementing  the  above,  numerous  illustrations  are  given  in 
the  text  of  the  report  showing  typical  or  individual  cases  of 
inadequate  beam  and  girder  protections  in  a  number  of  the 
buildings.  Some  of  these  details  are  reproduced  herewith  to 
show  how  poor  the  workmanship  really  was,  at  least  in  many 
instances.  They  will  well  serve  to  illustrate  how  fireproofing 
should  not  be  done. 

*  See  Engineering  News,  April  14,  1898. 
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Fif?.  217  shows  Iho  fji-otoclion  afforded  dmibie  li>-inch  I-bfara 
ginlera  in   the  Coutint'nLal  Trutst  Company'^   Buililing,   where 
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the  Union  Trust  Cornpany's  Building.  Both  of  these  detail 
illustrate  the  use  of  poorly  deiiigneil  and  int^tjflEcient  soffit  tile, 
and  the  use  of  unprotected  metal  clips,  and,  in  Fig.  219,  the 
employment  of  wood  fitrips  in  combination  with  metal  clips. 
Fig,  220  is  of  a  typical  beam-fioffit  protection  in  the  Calvert 
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Fia.  220.  —  Beam  Soffit  Protection,  Cal- 
vert Building,  Baltimore  Fire. 


Pliistcr^        ^Ji'Tile 


Fig.  221.  —  Roof  Bva.m  Protection^ 
Maryland  Trust  Buildiagr  Baiti- 
more  Firp^ 


Build Jng,  and  Fig,  221  a  typical  roof-beam  protection  in  the 
Maryland  Trust  Company's  Building,  both  illusi rating  too  shal- 
low lips  on  the  skews  and  insufficient  thickne,?s  for  soffit  tiles. 

Fortunately,  a  number  of  the  practices  condemned  in  the  report 
quoted  above  have  given  place,  in  good  work  at  hast,  to  better 
methods^  fis  wiU  be  pointed  out  in  followin^e;  paragraphs.  If  hol- 
low-tile arches  are  built  in  accordance  with  the  recommend ationa 
given  on  page  SDG,  and  if  beams  and  girders  are  protected  as 
described  below,  hollow- tile  floor  systems  will  undoubtedly  fulfil 
all  reaaonablc  demands. 

Terra-eotta  Beam  Protections*  —  Two  (hfferent  types 
side-construction  skews  have  previously  been  described,  1% 
*'hpped,"  and  "soflit"  (see  page  552).  End-construction  skews 
are  always  of  the  latter  type.  Of  the  two,  the  '^soffit'*  skew,  in 
the  author's  opinion,  is  decidedly  preferable  from  several  statu 
points,  but  especially  as  regards  the  protection  afforded  t' 
beams.  ^' Lipped'^  skews  are  more  easily  cracked  or  broken 
transportation,  handling  and  setting,  thus  inereaaing  the  chance^ 
of  imperfect  blocks  l>eing  used;  besides  which,  even  if  only 
sound  and  perfect  tile  are  used,  failure  is  more  apt  to  result 
the  hpped  skew  in  lime  of  lire,  for  tiic  reason  that  any  flange* 
Itp  pwjectmg  from  the  main  body  of   a  terra-cotta  block 
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whether  stmetiiral  or  ornamental  —  is  apt  to  tlcvdop  intenm! 
stresses  at  the  junction  point  in  drying  and  burning;  thus  render- 
ing the  block  more  liuble  to  failure  under  severe  hejit  at  such 
point. 

Soffit  tile  should  never  be  less  than  2  inches  thick,  whether 
porous,  semi-porous  or  Ijard,  They  are  Ueiualiy  made  solid, 
though  some  factories  make  tla^m  hollow.  The  former  arc  pref- 
erable, as  soHdily  of  material  ia  of  ntore  conse<|uence  than  air- 
spaces of  doubtful  value.  They  are  generally  made  as  shown 
in  Fig.  222,  with  the  top  surface  hoDowed  out  about  one-half 


\ 


Floor 
AreHi 


No  Mortar 
FiQ.  222.  —  Detail  of  2-lcu  Soffit  Tile 
Beimi  Protection* 


Fig.  223.  —  Detail  of  Beam  Protec- 
tion with  Shoo  Tilea. 


inch.  This  m  in  order  that  only  the  edges  of  the  tile  may  come 
in  c<intact  with  the  beam,  so  that  warping  or  irregularities  in  the 
slabfl  wouki  not  cause  breakage  in  applying  the  skews,  or  in 
tightening  up  the  centering.  No  mortar  is  phiced  between  the 
soffit  tile  and  the  under  side  of  the  beam,  but  the  tile  are  held  in 
place  by  the  bevels  of  the  joints  and  the  mortar  in  those  joints. 

In  view  of  the  illustrations  previously  given  showing  details 
employed  in  some  of  the  Baltimore  buiklings,  it  is  not  to  be 
wondered  at  that  the  National  Fire  Protection  Association  Com- 
mittee r.eporte(i  that  ''wedge-shaped  flange  tile  held  by  fkew- 
backs  of  tile  arches  as  onlinarily  constructed  cannot  be  depondwl 
on/'  Fiut  if  soffit  tile  are  made  2  inches  thick  of  solid  porous 
tcrra-^^otta,  and  if  they  arc  carefully  fitte<l  in  between  2-inch 
beveled  lips  on  the  skews,  tlie  beveled  joints,  if  set  in  good 
cement  mortar,  will  prove  ample  support  for  even  very  severe 
test  conditions. 

A  method  sometimes  employed  with  end-construction  skewa 
ifi  sliown  in  Fig.  223,  while  a  channel  at  a  well  opening  is  illus- 
trated in  Fig.  224. 


If  it  is  desirec!  to  make  assuraDCe  doubly  sure^  wire  netting 
may  be  wrapped  arouud  the  stifRt  tile  and  the  lower  flange  of 
the  beam,  before  the  skews  are  placed,  as  shown  in  Fig.  225. 
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Fia.  224.  —  Detail  of  Channel 
Prrt  Lection. 


''-Wiro  Netting 


FiQ-  225.  —  Detail  of  2-iii.  Soffit  Tile 
and  Wire  Netting. 


This  method  has  been  followed  in  some  instances,  and  the  prac- 
tice should  be  mure  generah 

Floor  beams  vvhit^h  project  below  the  ceiling  line  are  classed 
with  girders,  and  methods  uf  protection  are  considered  under 
the  following  heading. 

Terra-C0tta  Girder  Protections,  —  The  importance  of  ade- 
quately protecting  girJers  has  previously  been  pointed  out. 
Tile  coverings  should  uever  be  less  than  2  inches  thick,  preferably 
of  porous  material^  and  i^ohM  when  used  in  slab  form.  The  pro- 
tection Bhould  he  as  nearly  self-supporting  as  possible.  Girders 
carrying  very  heavy  loads,  plate-  and  box-girders,  and  those  pro- 
jecting below  the  ceiling  hncs,  require  special  attention,  ^h 
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Fio,     226.  —  Si  njile     I  -Benni 
Girder  Protect ioD. 


Fi«.    227-  — Double  T-Bcam  Girdt<r  ; 
tetiion. 


The  National  Cotle  requires  the  exposed  sides  of  all  girders  to 
be  protected  by  not  less  than  4  inches  of  suitable  materials,  i 
S&nges  by  not  less  than  2  inches. 
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1.  Girders  which  do  not  project  below  the  ceiling.  The  method 
of  protecting  a  single  I-beam  girder  running  parallel  to  the  cells 
in  an  end-construction  or 
combination  arch  is  shown 
in  Fig.  226,  while  double 
beams,  placed  9  inches  cen- 
ters, under  the  same  condi- 
tions, are  shown  in  Fig.  227. 
A  single  beam,  parallel  to 
the  arch  voids  on  one  side, 
and  bounding  a  well-room  on 
the  opposite  side,  is  shown  in 
Fig.  228.  Double  I-beam 
giYders,  spaced  20  inches  or 
more  on  centers,  should  be  fireproofed  as  shown  in  Fig.  229. 

In  all  of  these  cases,  the  girder  protections  must  be  set  with 
the  arches,  except  in  the  case  of  Fig.  228,  where  the  girder  flanges 
and  well-room  side  may  be  covered  later. 
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Fig.  228. 


—  Single  I-Beam  Girder  Protec- 
tion at  Well-room. 


Fig.  229.  —  Double  I-Beam  Girder  Protection. 


The  method  of  protecting  the  bottom  flanges  in  Figs.  226  and 
227  is  not  entirely  satisfactory,  as  metal  clips  form  the  only 
means  of  supporting  the  soffit  tile.  These  figures,  however, 
represent  rather  unusual  practice,  as  such  girders  are  generally 
made  deeper  than  the  beams,  and  projecting  below  the  ceiling 
line. 

2.  Girders  'projecting  below  the  ceiling  are  especially  liable  to 
failure  under  severe  fire  and  water  test,  for  reasons  previously 
enumerated. 

Fig.  230  illustrates  a  typical  girder  protection  as  used  in  the 
United  States  Court  House  and  Post  Office,  Los  Angeles,  Cal. 
The  lower  flange  of  the  girder  I  is  protected  by  means  of  **clip 
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tile"  or  "shoe  tile,"  which  are  now  generally  used  for  sn^ 
beams  or  girders  piojecting  below  the  floor-orcfa  euusUuctioD. 
For  small  sixes  of  beams  these  clip  tile  should  preferably  be  made 
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Fig.  23a  —  Ss«le  I-Beam  Girder  Protection.  U.  S.  Court  Hooae  4  P.  0^ 
.Loe  Ancles.  CaJ.  J 

solid,  but  for  large  sizes  they  are  usuaDy  made  hollow.    They 
should  preferably  be  made  of  |X)rou5  or  semi-porous  material, 
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Fio.  231.  —  Single  I-Beam  Girder  Pr^.-^tex-tion.  Cadillac  Aatomobile 
Factor>-.  EVtrv^::. 

and  not  less  than  2  inches  thick  where  bearing  against  the  edge 
of  the  beam  flange  vsee  also  Fig.  24 T. 

Fig.  231  shows  a  typical  floor  girder.  j>arallel  to  end-construc- 
tion arches,  as  protected  in  the  Cadillac  Automobile  Factory, 
DetrcuU 
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Fig.  232  shows  the  best  method  of  protecting  double  I-beam 
girders  whon  sf>aced  less  tlimi  18  inchea  on  centers,  and  Fig.  233 
when  placed  IS  inches  or  over  on  centers » 
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SECTION  OF 
SOFFIT  TILE 

Fio,  232.  -^  Double  I-Beam  Girders  projectincr  below  Ceiling, 

A  single  I-beam  girder  supporting  segmental  arches,  as  used 
in  theWanamaker  Store  Building,  New  York,  is  shown  in  Fig.  234. 
See  also  Figs.  239  and  240,  Chapter  XVI 1 1, 
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Flq.  2'ii'.i. — Double  l-litum  (jirdera  project- 
jjjg  below  Ceilinff. 


Girder  supporting  Seg- 
mental Arcbcfi. 


Metul  Clips.  —  Unprotected  or  poorly  protected  metal  clips 
for  the  support  of  soffit  tile,  etc*,  should  be  unnecessary  in  prop- 
erly designed  and  executed  work.  They  have  been  Inventetl 
and  used  by  contractors  for  finjproofing  work  as  a  convenient 
and  cheap  substitute  for  sdJ-iiupporUng  Blmpos  and  combina- 
tions, as  have  been  iUusl rated  above.  This  is  not  to  say  that 
metal  clips  should  never  be  used,  as  S4)meiime3  there  .seems  to  be 
no  satisfactory  alternative,  as,  for  instance,  in  autili  ciksea  Ska  ^^y^stv 


588        FIRE  PREVENTION   AND.  FIRE   PROTECTION 

in  Figs.  226  and  227,  but  when  used  they  should  invariably  be 
amply  protected.  Metal  clips  are  required  by  some  building 
laws  for  beam-  and  girdernsoffit  protections,  but  a  little  care  in 
their  design  and  use  will  easily  make  them  an  added  ^precaution, 
instead  of  the  sole  reliance. 

Protection  of  Plate-  and  Box-Girders.  —  Practically  the 
same  principles  as  are  used  in  the  protection  of  beam  girders  are 
applicable  to  either  plate-  or  box-girders,  and  the  same  require- 
ments of  adequate  thickness  in  the  terra-cotta  blocks  and  me- 
chanical fastening  to  insure  stability  must  obtain  with  even 
greater  care,  due  to  the  increased  loads  usually  borne  by  such 
members. 

An  exceptionally  efficient  girder  protection,  as  used  in  the 

Government  Printing  Office,  Washington,  D.  C,  is  illustrated 

in  Fig.  47,  Chapter  XI.     This  same  method  of  wrapping  shoe  tile 

.  or  clip  tile  with  wire  netting,  will,  as  in  the  case  of  soffit  tile, 

provide  greatly  increased  efficiency. 

Figs.  242  and  243,  Chapter  XVIII,  show  terra-cotta  protec- 
tions for  plate-  and  box-girders  respectively. 

Fire  and  Load  Tests  of  Terra -Cotta  Floors. 

Denver  (Colo.)  Tests.  —  Made  in  Denver,  Colo.,  in  Decem- 
ber, 1890,  for  the  Denver  Equitable  Building  Company,  under 
the  supervision  of  Messrs.  Andrews,  Jaques  and  Rantoul,  archi- 
tects. This  series  of  public  tests  formed  one  of  the  earliest,  as 
well  as  one  of  the  most  valuable  series  of  competitive  tests  ever 
undertaken. 

When  bids  for  executing  the  fireproofing  contract  for  this 
building  were  opened,  it  was  found  that  three  competitors  had 
figured  on  the  work,  two  of  whom  estimated  on  furnishing  floor 
arches  of  hard  tile,  side-construction,  while  the  third,  at  the 
highest  price,  figured  on  furnishing  arches  of  porous  tile  on  a  new 
principle,  now  well  known  as  the  "end-construction"  method. 
In  order  that  the  relative  qualities  of  the  different  systems  might 
be  compared,  the  architects  decided  to  institute  a  series  of  tests, 
the  conditions  including: 

A  —  still  load,  increased  to  failure  of  arch; 

B  —  shocks,  repeated  to  failure  of  arch; 

C  —  fire  and  water  test,  alternating  until  arch  was  destroyed; 
D  —  continuous  fire  of  Ingh  Vniat,  until  arch  was  destroyed. 
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Tvvdve  ari'hes  in  all  were  tested  —  three,  or  one  for  every 
competitor,  under  every  condition.  The  arches  wore  10  inchea 
in  depthj  built  betwtH^n  I-beams  5  feet  centers. 

Still'toad  7'est.  —  The  **Lee*^  or  end-eonstriietinn  arch^  sus- 
tained a  final  load  of  15,145  pounda  for  two  hour.s,  the  deflection 
being  .065  of  a  foot.  The  heaviest  load  sustained  by  a  side- 
construction  arch  was  S574  pound.s. 

Drop  Test. — The  blows  were  given  by  dropping  upon  the 
arches  a  piece  of  Oregon  pine,  12  incln^  square  and  4  feet  long, 
weighing  134  poundB,  from  a  height  of  il  feet.  Both  of  the  side- 
construction  arches  were  shattered  at  the  first  blow,  while  the 
end-construction  arch  stood  up  to  the  eleventh  drop  from  a 
height  of  S  feet. 

Fire  and  WcUer  Test.  —  One  of  the  side-cons  I  ruction  arches 
was  destroyed  by  three  applications  of  water  with  a  fire  tem- 
perature of  1300  degrees,  the  other  beinp;  very  badly  shattercnl 
after  fourteen  appUcations  of  water.  The  entl-construction  arch 
wixa  given  eleven  apphcations,  and  at  the  end  of  twenty-three 
hours  was  practically  uninjured,  as  it  required  eleven  blows  from 
the  ram  used  in  the  drop  tetst  to  break  the  arch  flown. 

Continuoiiii  Fire  Test.  —  Of  the  two  side  arches,  one  failed  com- 
pletely after  a  conlinuoiLs  fij-e  of  twenty-four  hoiiri<,  while  tlie 
other  arch  stood,  but.  was  unable  to  carry  a  load  uf  3CK1  pounrls 
per  square  foot.  The  end-construr-tion  arch  supported  a  weight 
of  bricks  of  12,500  pounds  on  a  space  3  fce(  wide  in  the  middle 
of  the  arch,  after  a  continuous  fire  for  twenty-four  hours. 

The  results  of  the  Denver  tests  have  never  been  questioned, 
as  they  wexe  rendereti  aU  the  more  emphatic  by  testing  two 
separate  Bets  of  hard-tile  si de-con«t ruction  areln^s,  with  nearly 
identically  poor  results,  as  compared  with  the  third  satisfactory 
test  of  porous-tile  arches  of  end- const  ruction.  Two  important 
facta  were  here  established  beyond  question  —  namely,  th^fc 
hartl  tile  is  brittle,  unable  to  stand  fire  or  water  l^istjs  and  is, 
therefore,  very  inferior  to  porous  tile;  and  secondly,  that  the 
Bide-eonstruction  method  of  tile-floor  construction  cannot  be 
favorably  compared  with  the  end-construction  type  as  to 
strength. 

New  York  Building  Departmetit  Tests.  —  A  general  de* 
scription  of  the  fire  and  water  tests  inaugurated  by  the  New  York 
Building  Department,  and  present  requiremerds  as  to  fire-re- 
eiflting  floors  demanded  by  that  department,  have  \ireviciv\?,V>j 
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been  given  in  Chapter  V.     Some  of  the  more  important  tests 
of  terra-cotta  floors  included  in  that  series  are  as  follows: 

Porous  Terra-coUa  Arch.  —  The  arches  were  made  of  ID-inch 
end --const  ruction,  porous  terra-cotta  blocks,  levelefl  up  to  the 
tops  of  beams  with  a  one-ineh  filling  of  cement  mortar.  The 
beam  flanges  were  protected  by  soflit  tile  held  in  position  by 
beveleil  UpH  on  the  skewbacks.  Two  of  the  bays  were  plastered 
on  the  sofHt,  while  one  bay  was  left  w^th  the  tile  exposed- 
Duration  of  fire  te^t,  9.00  a.m.  to  3.00  p.m.  At  2.64  p.m.  cast-  , 
iron  was  placed  in  the  kiln  and  melted  in  two  minutrea.  Maxi- 
mum deflection,  2.16  inches. 

During  the  fire  test  all  of  the  plaster  dropped  from  the  walla 
of  the  kiln.  Upon  the  application  of  water  alJ  of  the  ceiling 
plaster  fell.  About  35  per  cent  of  the  arch  blocks  were  cracked, 
the  lower  sections  of  some  blocks  having  broken  off  to  a  depth 
of  about  3i  inches.  One  block  was  hanging  half  out  of  the  arch. 
All  of  the  aofBt -protect ion  pieces  had  fallen  except  verj^  near  the 
walls  of  the  kiln. 

The  final  load  of  600  pounds  per  s(|uare  foot  gave  a  deflection 
0.22  inch. 

Porous  Terra-cotta  Arch.  Second  Test.  —  Twenty  days  after 
the  final  loading  of  the  arch  described  above,  the  supporting 
beams  were  shored  up  to  prevent  deflection  and  the  central  bay 
of  the  floor  was  loaded  up  to  Gil  pounds  per  square  foot.  On 
following  days  this  load  was  gra^kially  increased  to  1175  pounds 
per  square  foot.  Tlie  deflection  due  to  this  load  was  0.84  inch. 
The  load  was  then  shifte^l  to  cover  an  area  of  9  feet  by  4  feet^  the 
totiit  load  being  HJ60  pounds  per  square  foot.  The  deflection 
was  2,2  inches.  This,  added  to  the  permanent  set  which  existed 
previous  to  loading,  gave  a  total  deflection  of  3.41  inches. 

The  arch  was  stiU  intact  under  this  load. 

Hard-burned  Terracotta  Arch.  —  The  blocks  were  10  inches 
deep,  side  construction,  projecting  1|^  inches  below  the  I-beams. 
They  were  furnished  by  the  Raritan  HoUow  and  Porous  Brick 
Company.  Each  arch  ring  consisted  of  two  Hpped  skewbacks, 
four  lengtheners  and  one  ke^^  block.  The  blocks  were  laid  in 
cement  mortar,  |-inch  joints.  The  ceiling  was  plastered  two 
coats. 

Duration  of  fire  test,  10.22  a.m.  to  3.22  p.m.  Maximum  tem- 
perature 2050  degrees.     Maximum  deflection,  L84  inches. 

At  the  conclusion  of  the  test  about  all  of  the  plaster  w^aa  gone, 
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evpn  where  not  reatilieil  by  fiio  water.  A  considerable  portion 
of  the  life  wi\s  broken  by  the  efifects  of  th<^  water,  causing  the 
lower  parts  to  falL  Many  of  the  akewljack  hjia  had  broken 
directly  under  the  beam  flanges,  leaving  the  latter  partly  expoised. 

The  final  load  of  601)  pounds  per  square  foot  causal  a  center 
deflection  of  0.22  ineh. 

British  Fire  Prevention  Committee  Test,  —  In  Jime, 
1905,  a  Hre  and  water  test  was  made  in  London  by  the  British 
Fire  Prevention  Committee  on  '*a  fire-resisting  floor  constructed 
of  semi-porous  terra-cot ta  blocks  with  steel-wire  reinforcement," 
buHt  by  the  National  Fire  P'roofint^  Company.  The  eonstrnetion 
wiis  virtually  the  same  as  the  ''New  York''  reinforced  arch, 
previously  di'scribed.  The  roof  of  the  te.st  house  was  covered 
with  four  bays  which  were  supported  by  10-inch  beams  and 
channels  —  one  bay  was  of  S-inch  block j^,  span  7  fec^t,  7f  inches; 
one  of  6-inch  blocks,  span  6  feet ;  one  of  8-inch  blocks,  span  7  feet, 
6  inches;  one  of  8-inch  blocks,  span  1  foot,  IJ  inches,  Semi- 
porous,  end-construction  blocks  and  side-conHtruction  skews 
were  used  with  ^-inch  mortiir  joints,  in  which  were  embedded 
wire  reinforcement  trusses  Ij  inches  de(»p,  similar  to  that  illus- 
trated on  page  5t»0,  except  that  the  horizontal  wires  were  doubled 
and  interlaced,  mstead  of  single  as  now  generally  used.  Separate 
soffit  tile  1^  inches  thick  protected  the  lower  flanges  of  the  beams. 
The  floor  wa-s  loaded  with  bricks  equal  to  a  distributed  load  of 
280  pounds  per  square  foot. 

The  fire  test  was  of  four  hours'  duration^  —  maximum  tem- 
perature attained  1H80'^  F.,  —  after  which  water  was  applied  at 
a  pressure  of  65  pounds  through  a  j-inch  nozzle  for  5  minutes. 
The  following  obsen^ations  were  made  after  tiie  test : 

The  surface  of  the  top  of  the  floor  showed  a  slight  crack 
at  the  northwest  corner. 

The  plaster  on  the  soffit  of  the  floor  was  washed  off  where 
fltruck  by  the  jet.  The  remainder  was  friable  and  covered  with 
cracks. 

The  semi-porous  terra-cotta  blocks  forming  the  floor  were 
intact. 

There  was  no  permanent  deflection  of  the  floor  after  the 
removal  of  the  load. 

Tlie  fii^  had  not  passed  through  the  floor.* 

P   The  photographs  accompanying  the  report  show  that  neither 
arch  blocks  nor  soffit  tile  were  either  damaged  or  loosenecL 
*  Sec  "Red  Book"  No.  96,  Bntiah  Fire  PreveaUon CoiossiVvwifc, 
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Tem-eotta  Groined  Areh,  constructed  by  the  Xatioaal 
Fire  Proofing  Company,  tested  by  Prof.  Woolson,  1904. 

The  floor  tested  constituted  the  floor  of  the  test  building. 
It  was  constructed  by  forming  a  groined  arch  of  6-inch  hollow 
tile  between  girders  with  a  rise  of  17  inches  at  the  crown.  Above 
the  tile  was  a  concrete  filling  of  about  4  inches  over  the  crown 
and  18  inches  at  the  haunches.  The  arches  were  sprung  from 
the  comers  of  the  rectangular  floor  space  instead  of  the  sides, 
thus  throwing  the  greatest  thrust  to  the  comers  where  the  frame- 
work could  best  resist  the  load. 

For  purpose  of  reinforcement,  two  8-inch  I-beams  were  put 
in  between  each  pair  of  girders  at  the  middle,  meeting  in  the 
c<*ntc?r  of  the  floor  span.  These  beams  were  cambered  to  the 
curvature  of  the  arch  and  divided  the  test  floor  into  four  equal 
pails.     They  were  encased  by  the  floor  tile. 

The  construction  was  practically  a  reproduction  of  one  unit 
of  the  floor  system  used  in  the  new  Pittsburgh  Terminal  Ware- 
house and  Transfer  (company,  in  which  there  are  800,000  square 
feet  of  floor  space  all  divided  into  spans  20  feet  X  22  feet  the 
same  as  this.  .  .  . 

The  concrete  "fill"  was  mixed  in  the  proportions  of  1  Port- 
land rxjment,  3  river  sand  and  6  gravel.  The  tile  ceiling  was 
given  a  protective  coating  of  one  inch  of  cement. 

The  purpose  of  the  test  was  to  determine  the  effect  of  a 
continuoiis  fire  l)olow  the  floor  for  four  hours  at  an  average  tem- 
pdniture  of  1700°  V.,  the  floor  carrying  at  the  same  time  a  dis- 
tributofl  loarl  of  270  pounds  per  square  foot.  At  the  end  of  the 
four  hours  the  under  side  of  the  floor  (or  ceiling)  while  still  red 
hot  was  to  ])ii  subjected  to  a  1  l-inch  stream  of  cold  water  at  short 
range  under  60  pounds'  pressure  for  ten  minutes.  Deflection  of 
floor  to  be  mcjasured  continuously  during  the  test.  .  .  . 

The  cement  coating  on  the  ceiling  began  to  blow  off  about 
t(m  minut(;8  after  the  fire  started,  and  a  considerable  portion  of 
it  fell  b(;fore  the  expiration  of  the  test.  The  roof  was  covered 
with  a  load  of  hollow  tile  several  feet  deep,  making  it  impossible 
to  ascertain  whether  any  cracks  developed  there  or  not.  As  the 
roof  was  in  compression  in  all  parts,  and  the  deflections  recorded 
were  very  small,  it  is  not  likely  that  cracks  did  occur  there. 

After  application  of  the  water,  it  was  found  that  the  cement 
(ioating  was  gone,  and  the  tile  exposed  where  the  water  struck 
the  (veiling,  but  the  tile  appeared  to  be  in  perfect  condition  with  no 
cra(;ks  or  broken  parts.  .  .  . 

The  floor  was  subsequently  loaded  to  1000  pounds  per 
square  foot  with  a  maximum  deflection  of  1^  inches.* 

Guastavino  Floor  Construction  (Neiv  York  Building  De- 
parlmcnl  Teat.)  —  The  brick  walls  of  the  kiln  in  this  case  were 
corbeled  out  6  inches,  and  a  rectangular  horizontal  iron  frame 

*  Extracts  from  report,  "Fire  Series  No.  160,"  by  Ira  H.  Woolson,  E.  M. 
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was  built  into  the  upper  portion  of  the  kiln  walls  to  take  the 
thrust  of  the  dome.  This  system  required  no  intermediate  floor 
beams.  The  dome  consisted  of  three  successive  courses  of  flat 
fire-clay  tiles,  which  sprung  from  the  side  walls  with  a  rise  at  the 
center  of  10  per  cent,  of  the  greatest  span.  The  tiles  were  6  inches 
wide,  12  inches  to  18  inches  long  and  f  inch  to  1  inch  in  thick- 
ness, being  laid  in  cement  mortar.  The  construction  was  built 
on  a  wooden  center.  Two  kinds  of  floor  surfacing  were  used. 
In  one  half,  brick  ribs  extended  over  the  dome,  supporting  a 
double  course  of  horizontal  flat  tile,  which  received  the  finished 
floor.  In  the  other  half,  cinder  concrete  filling  was  used,  with 
embedded  nailing  strips.  Portions  of  the  cfeiling  soffit  were 
plastered,  and  some  spaces  of  tile  were  left  exposed. 
,  The  initial  loading  gave  a  center  deflection  of  0.017  inch. 
Duration  of  fire  test,  9.15  a.m.  to  3.18  p.m.  Maximum  tem- 
perature 2525  degrees.     Maximum  deflection,  0.71  inch. 

Nearly  all  of  the  plaster  fell  early  in  the  fire  test,  but  before 
the  application  of  water  no  cracks  had  developed  in  the  ceihng, 
and  no  tile  had  fallen.  During  the  water  test,  portions  of  the 
lower  course  of  tile  fell  in  pieces,  due  to  the  sudden  contraction. 
One  I-beam,  supporting  a  corner  smoke  flue,  became  exposed. 
It  was  noticed  that  the  center  of  the  dome  rose  gradually  under 
the  influence  of  the  applied  heat,  which  caused  the  expansion 
of  the  masonry  in  the  dome  construction.  The  greatest  elevation 
was  0.71  inch. 

The  final  loading  of  600  pounds  per  square  foot  gave  a  center 
deflection  of  0.195  inch. 

Behavior  of  Hollow-tile  Arches  in  Actual  Fires.  —  San 
Francisco  Conflagration.  —  Factors  which  contributed  to  make 
the  San  Francisco  experience  of  doubtful  value  as  regards  fire 
tests  of  hollow-tile  constructions  have  previously  been  enumer- 
ated.    Such  factors  were:  the  use  of  hard-burned  material  only, 

—  see  page  237,  —  and  poor  workmanship  —  see  page  323.  To 
these  should  be  added  the  uncertainty  as  to  the  amount  of  dam- 
age done  to  hollow-tile  constructions  by  the  earthquake.  The 
wrenching  of  the  buildings  by  the  earthquake  shocks  opened 
many  of  the  joints  in  such  constructions,  and  largely  destroyed 
the  binding  qualities  of  the  mortar.     Thus  in  the  Mills  Building 

—  an  example  of  damaged  hollow-tile  floors  often  quoted  — 
unmistakable  evidence  went  to  show  that  the  mortar  joints  in 
the  terra-cotta  floors,  etc.,  were  started  by  the  earthquake.    TVv<5i 
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mortar  was  disintegrated  by  the  fire,  and  great  damage  to  the 
arches  resulted.  The  same  effects  were  noticeable  in  Ouher 
buildings.* 

Hence,  in  arriving  at  conclusions  concerning  the  behavior  of 
hollow-tile  arches  in  actual  fires,  the  author  will  eUminate  all 
reference  to  San  Francisco  buildings. 

Fires  in  Individual  Buildings  described  in  Chapter  VI,  in  which 
the  fire  tests  of  hollow-tile  arches  are  of  importance,  may  be 
summarized  as  to  such  tests  as  follows: 


Building. 

*«$ 

si 

1^ 

}^ 

i 

Condition. 

Chicago  Athletic  Club. . 
Home  Store,  first  fire. . . 

Home  Office  Building. . . 

Home  Life  Building. . . . 
Home  Store,  second  fire. 
Granite  Building 

In. 
■9 

9 

10 
15 

12 

Porous 
Hard 

Porous 

Hard 

Porous 

Porous 

End 
Side 

End 

Side 
End 
End 

Flush 
Paneled 

Paneled 

Paneled 
Paneled 
Flush 

Moderate  damage. 
Large  damage. 
[Considerable  damage 
1     to  paneled  skews. 
1  Ceilings  slightly  dam- 
Moderate  damage 
Moderate  damage 
Considerable  damage 

Baltimore  Buildings.  —  Similar  conditions  regarding  the  hollow- 
tile  floor  arches  in  the  Baltimore  buildings  —  omitting  from 
consideration  the  Equitable  Building  where  the  floors  were 
practically  a  total  loss  —  may  be  summarized  as  follows : 


Building. 


Herald 

Union  Trust 

Calvert 

Maryland  Trust 

Continental  Trust 

Merchants'  Nat.  Bank. 
Chesapeake  &  Potomac 


il 

In. 

12 
10 
15 

Semi-porous 
Semi-porous 
Porous 

9 
16 
10 
12 

Semi-porous 
Semi-porous 
Semi-porous 
Porous 

. 

2  • 

S) 

■M   C3 

S- 

'S 

u 

0 

End 

Paneled 

End 

Paneled 

End 

Flush 

End 

Paneled 

End 

Flush 

End 

Flush 

Side 

Flush 

^  =  2 


50 
40 
7.5 


Large  damage 
Large  damage 
Little  damage 
Large  damage 
Little  damage 
Excellent 
Excellent 


*  Floor-  and  roof-arch  damage  not  estimated  separately  in  adjusted  fire  loss. 

This  showing  of  hollow-tile  arches  in  the  Baltimore  buildings* 
was  commented  on  in  the  report  of  the  National  Fire  Protection 
Association  as  follows: 


♦  See  Professor  Soulfe  in  Bulletin  No.  324,  page  148. 
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ti:rr.\-cotta  floors,  girder  protections,  etc,  ^^}5 

This  and  prpvioua  fires  Juivo  ckarly  demonBtratrd  thut 
subfttantially  constructed  floor  arche3  matle  of  hollow  terra-cot t. a 
tile  generally  stand  up  and  support  the  loads  to  which  they  are 
Bubjtcted.  They  htive,  however,  failed  to  af?eomplish  all  thtit 
was  expected  of  thera  on  acc-ount  of  the  breaking  off  of  a  large 
portion  of  the  lower  webs  of  the  arches,  necessitating  extensive 
repairs.  .  .  . 

Most  of  the  terra-eotta  tile  used  in  the  Baltimore  buildings 
was  designated  as  semi-porous,  but  considerable  variiition  in  the 
density  was  noted-  Porous  tile  was  found  in  only  a  few  cases. 
The  results  indicate  that  there  ia  no  great  preference,  so  far  as 
fire-resistive  quahties  go,  between  any  of  the  gratlcs  of  such  tile 
used,  all  alike  permitting  the  lower  face  of  the  arch  to  break  off 
where  the  heat  waa  most  intense.  The  breaking  of  the  lower 
fjicB  of  the  terra-cotta  tde  in  the  Baltimore  buildings  where  no 
water  was  used  was  apparently  the  same  as  in  previous  fires 
where  such  tiJe  has  been  subjected  to  both  fire  and  water. 

In  the  opinion  of  the  wTiter,  who  made  a  critical  examination 
of  all  of  the  prominent  buildings  destroyed,  immediately  after 
the  BaJtimore  fire,  the  above  conclusions  should  have  been  qual- 
ified in  one  respect  and  modified  in  another.     The  statement, 
regarding  ^*the  breaking  off  of  a  large  portion  of  the  lower  weba 
^  of  the  arches/'  would  seem  to  he  too  sweeping.     Considering 
H  the  test  that  these  buildings  underw^ent,  a  small  percentage  only 
of  the  webs  fell  ofT^  taking  the  buikhngs  ils  a  whole.     Also  the 
statement  that  no  preference  in  firc-rcsisting  qualities  existed  be- 
^L  tween  the  different  grades  of  tile  is,  in  the  opinion  of  the  writer, 
H  unwarranted.     Thus,  of  the  seven  buildings  enumerated  above, 
^B^ve  contained  floor  arches  of  semi-porous  tile,  and  two  of  porous. 
^pDf  the  five,  two  only  made  a  creditable  showing,  viz,,  the  Conti- 
H  Dental  Trust  Building,  where  particularly  deep  arches  were  used, 
™  and  the  Merchants*  rs'ational  Bank,  where  a  most  excellent  show- 
ing Wius  made,  largel}^  due  to  heavy  webs  in  the  arch  blocks.     Of  tlie 
two  buildings  containing  porous  tile  arches,  namely,  the  Calvert 
and  the  Chesapeake  and  Potomac  Buildings,  both  gave  remark- 

■  ablc  demonstrations  of  the  fire-resisl  inis;  quahties  of  this  materiaL 
Load  Tests  and  Factor  of  Safety.  ^  In  ad  r  lit  ion  to  the 
Denver  tests  previously  noteil,  immy  other  invcstiga(ions  have 
been  made  concerning  the  strength  of  hollow-tile  arches  of 
various  forms  and  grades  of  material.  8ome  of  these  testa, 
particularly  those  of  Mr.  George  Hill  and  Ft.  Von  Emperger,* 

*  See  "Tesfsof  Firepmof  Flooring  Matonat"  Tranaactiona  Am*  Soo.  C.  E., 
I  Vol.  XXX [V.  and  ''Hallow  Tile  Floors,  Past  and  Present,"  Tnmsactioiia  Am* 
'  goc,  C.  E.,  Vol  XXXIV. 
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have  done  mijeh  to  correct  weaknesses  which  \vf>re  inherent  in 
earlier  methods  of  manufacture,  and  to  suggest  furtber  improve-^ 
ments  whi^^h  have  not  becMi  found  coninii  ruiuUy  practicable. 

Generally  speaking,  standard  consiniction  hoUow-tde  archd 
wiJl  safely  carry  tlie  loads  for  wliich  they  are  designed ^  and  this 
even  after  severe  fire  test.  Wifness  the  load  test  made  on  one 
of  the  arches  in  the  Union  Trust  Building  after  the  Bahimore 
fite^  wherein  a  lowl  of  70f}  pounds  pn^r  square  foot  was  safely 
carri(Hl. 

On  the  other  liand,  fires  have  revealed  skimping.s  in  floor-arch 
constructions  whieli  have  j)rove(i  costly  iiidecfl.  Witn<^fis  the 
Equitable  Building  in  Baltimore,  and  the  Parker  Budding  in 
New  York.  ThL^e  experiences  show  that  a  sufficient  margin  or 
factor  of  safety  must  be  aUowe<l  to  care  for  weakened  condition 
due  to  fire  and  water  tests,  —  falling  debris,  —  and  the  impact 
of  falling  loads,  such  as  safes,  etc. 


Selection:   CoNCUfHfONft 

Selection  of  Hollow-tile  Arches*  —  In  Chapter  XI,  among 
the  requirements  slipuiated  for  a  satisfactory  fire-resiating  floor, 
were  ability  to  caiTy  tlie  estimated  static  and  moving  loads  with 
a  proper  factor  of  safety,  ability  to  resist  shock  due  to  falling 
d^bris^  and  abihty  to  withstand  a  minimum  damage  by  fire  and 
water. 

From  the  tlata  previoUKly  given  in  this  and  other  chapters, 

particularly  the  experimental  and  actual  tests  of  dilTerent  ma- 

rterials,  forms  and  conditions,  it  is  possible  to  draw  certain  general 

\  conclusions  respecting  hollow-tile  arclKs  for  general  guidance  ii^ 

attaining  the  requirement's  enumerated  above. 

Material.  —  .Strength  trusts  made  on  hoilow^-tile  arches  sho* 
that,  for  strength  alone  under  static  lo^wis,  hard-bumetl  terra- 
cotta is  stronger  than  the  porous  variety.  Impact,  ho  wove 
must  also  be  considered^  and  adecjuate  tests  show  that  sen 
porous  terra-cotta  is  much  superior  to  hanl  tde  In  resistance  to 
shock.  But  if  a  choice  of  material  seems  difficult  utider  these 
conflicting  projierties,  a  comparison  of  the  action  of  the  various 
grades  of  terra-cotta  under  fire  and  water  tests  will  show  thttt_ 
porous  or  semi-porous  tile  is  usiiady  far  more  reliable  and  sati 
factory  under  ihe  combined  conriitions  of  load,  shock,  fire  aq 
water.     The  conclusion  is,  therefore,  warranted  that: 


in 

M 

ra- 

ive^^ 


Ti3RRA-C0TTA    FLOORSj  GIRDER   PROTECTIONS,  ETTC       597 


I 


L  Porous  or  semi-porous  hollow-tile  archea  are  much  to  be 
preferred  to  the  hanl-burued  material. 

Form  of  Arrh,  —  As  has  been  explained  uiiiier  a  previoiis 
discussion  of  bnaiii  and  ginler  prohx.-tionftj  fiat  or  unbroken  ceil- 
ings alinosi  invariably  suffer  h\ss  hre  daruaKt^  than  those  paneled 
or  vaulted  construetions  wliit-h  require  (he  fjrnjnctiun  of  beama 
or  girders  below  the  niain-t-eiling  hne.  The  IJorne  buildings 
(see  page  lliS)  wort;  caHC'«  in  point.  Tlie  previously  given  sum- 
niary  of  the  ixindititiii  of  flour  arnhea  in  .seven  of  the  Baltimore 
buildings  aLso  shows  that,  in  every  case  where  paneled  eeilinga 
were  used,  large  damage  resulte<l;  while,  conversely,  evTry  flat- 
ceihng  coiistruc^tion  wa^*  little  damaged.  Hence  it  will  be  found 
that: 

2.  Flat  t< ?rra-<?oM  a  archea,  without  projecting  bedims  or  girders, 
will  beat  resist  fire  damage. 

Construction  of  Arch.  —  Aa  between  end-,  side-  and  com- 
bination-arrhes,  there  is  no  question  that  those  of  the  former 
type  are  the  strongest  under  both  static  loadw  and  impact*  But 
other  conaiderations,  involving  practical  methoda  of  Betting  aa 
well  as  the  better  protection  of  the  beams  against  both  corrosion 
and  fire  (see  page  5G5),  make  the  combination  t^^e  of  arch  pref* 
erable  for  usual  practice. 

As  the  result  of  his  many  testa  and  experiments  on  terra-cotta 
arches,  Mr.  George  Jlill  recommendetl  that  for  loads  under  150 
pounds  per  squtu^e  foot  (olal,  either  end-  or  sidoconstruction 
arches  be  u,sed;  but  for  loads  excoeiiing  150  pounds  per  square 
foot  tolalj  cnd-corhHt ruction  arches  should  always  be  used,  with 
the  best  quahty  of  mortar.  The  third  conclusion  may^  therefore, 
be  stated  as  follows: 

3.  End-construction  arches  are  stronger  and  more  reliable 
under  heavy  loads  or  severe  shock,  but  combination  arches  more 
nearly  fulfil  fill  requirements  of  usuid  practice. 

Form  and  Deptli  of  Blocks.  —  The  greatest  strength  and 
heat-resistance  will  result  from  a  given  cross-section  of  material 
when  the  blocks  are  made  of  the  simplest  rectangular  form. 

Also,  in  archer  of  the  same  depth  the  strength  varies  dire<3tly 
as  the  span.  In  arches  of  the  sanic  sjian  the  strength  varies  as 
the  square  of  the  depth.  A  deep  blockj  therefore,  makes  a  much 
stronger  floor  than  ashallou^er  block  for  the  same  span,  and,  what 
is  equally  important^  a  lighter  and  cheaper  floor.  The  floor  is 
lighter  because  the  additional  dcptii  to  Uie  terra-cotta  block  will 
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weigh  less  than  the  concrete  leveling  which  would  be  necessary 
over  a  shallower  arch,  and  a  terra-cotta  arch  made  the  full  depth 
of  the  beam  is  cheaper  than  a  smaller  arch  leveled  up  with  con- 
crete. 

But,  aside  from  the  questions  of  cost  and  strength,  fireproofing 
considerations  make  it  desirable  to  employ  a  floor  arch  of  a  depth 
equal  to  the  beam  which  serves  as  its  support.  The  fire  in  the 
Home  Life  Building  showed  the  evil  results  attending  the  prac- 
tice of  permitting  continuous  voids  between  the  tops  of  the  floor 
arches  and  the  under  side  of  the  flooring.  Where  shallow  floor 
arches  are  used,  the  temptation  will  arise  to  save  the  cost  of  the 
concrete  levehng.  Where  the  arches  are  made  the  full  depth 
of  the  beams,  and  concrete  filling  is  laid  between  the  screeds, 
voids  become  impossible. 

From  consideration  of  cost,  strength  and  fire-resistance,  it 
therefore  follows  that: 

4.  The  simplest  form  of  rectangular  blocks  is  preferable,  and 

5.  The  arch  blocks  should  be  of  the  full  depth  of  the  beams, 
plus  2  inches  for  soffit-tile  protection. 

Thickness  of  Material.  —  The  thickness  of  material  is  im- 
portant. The  tendency  of  late  years,  especially  since  the  intro- 
duction of  the  end-construction  type  of  arch,  has  been  to  lighten 
the  thickness  of  the  material.  This  has  been  due  to  the  increased 
load-carrying  capacity  developed  by  the  end-construction  method, 
to  increased  competition,  and  particularly  to  the  desire  to  lessen 
the  freight  charges  for  transportation. 

The  breaking  of  tile  arches  on  the  bottom  is  due  to  the 
inability  of  the  material  to  withstand  inequalities  of  contraction 
and  expansion,  and  it  breaks  in  the  corners,  both  because  the 
strain  is  greatest  and  the  tile  is  weakest  there.  There  is  an  in- 
equality of  expansion  because  it  is  heated  only  on  one  side.  The 
strain  is  greatest  in  the  corners  because  the  expansion  of  one  side 
tends  to  shear  that  side  from  the  adjoining  ones,  and  it  is  weakest 
at  the  corners  because  if  there  is  any  initial  stress  in  the  material 
it  would  more  naturally  occur  there  than  elsewhere,  while  the 
very  fact  that  it  breaks  in  that  particular  place  more  than  any- 
where else  indicates  that  it  is  lacking  in  strength  along  the  edges.* 

When  it  is  remembered  that  the  shrinkage  in  terra-cotta  arch 
blocks  Jn  the  process  of  drying  and  burning  amounts  to  1 J  inches 

•  See  'Can  Puildings  be  Made  Fireproof,"  by  Corydon  T.  Purdy,  Trans- 
actions American  Society  of  Civil  Engineers,  Vol.  XXXIX. 
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per  foot,  the  initial  stresses  in  the  finished  product  are  easily 
accounted  for. 

The  only  way  of  overcoming  this  weakness  of  hollow  tile  under 
fire  test  is  by  making  the  material  of  a  suflBcient  thickness  to 
withstand  these  internal  stresses  and  inequalities  of  expansion, 
and  by  using  well-rounded  comers  or  "fillets",  at  the  junction  of 
all  interior  webs  with  outer  shells,  to  reinforce  the  comers  of 
the  cells.  Hence,  to  secure  a  minimum  breakage  of  the  arch 
soffits, 

6.  Thick  outer  shells  and  interior  webs  are  desirable  in  arch 
blocks,  with  well-rounded  comers  at  all  intersections. 

Skews.  —  The  choice  of  skew  type  has  practically  been  cov- 
ered under  conclusion  3.  It  should  be  borne  in  mind,  however, 
that  side-construction  skews  constitute  the  weakest  portion  of 
a  side-construction  or  combination  arch,  hence,  it  is  important 
to  specify  that 

7.  Side-construction  skews  should  contain  an  interior  sloping 
reinforcing  rib  which  should  start  directly  above  the  flange  of 
the  beam,  and  at  a  point  about  midway  between  the  beam  web 
and  the  edge  of  the  flange  (see  Fig.  207). 

Advantages  and  Dlsadyantages  of  Hollow-tile  Arches.  — 

Advantages.  —  The  following  points  tend  to  recommend  hollow- 
tile  floor  arches: 

Flush  or  unbroken  ceilings,  except  at  especially  deep  girders. 

Suspended  ceihngs  not  necessary,  except  for  segmental  forms. 

Arches  are  usually  full  depth  of  beams,  thus  contributing 
strength  and  rigidity. 

The  setting  is  more  independent  of  weather  conditions  than 
where  concrete  is  used. 

No  dripping  of  water  occurs  during  the  setting. 

Less  delay  and  interference  to  other  work  than  with  concrete. 

Disadvantages.  —  A  great  disadvantage  lies  in  the  difficulty 
of  adapting  hollow  tile  to  the  filling  of  irregular-shaped  spaces. 
Hollow-tile  floor  arches  may  be  used  most  satisfactorily  where 
the  arrangement  of  the  beams  and  girders  is  rectangular;  but 
in  many  cases  such  rectangular  arrangement  is  impossible,  due 
to  the  outhne  of  the  building  site.  The  conditions  of  floor  fram- 
ing often  cause  other  irregularities,  such  as  radiating  girders, 
and  other  distortions  around  elevator  wells,  fight  shafts,  etc. 
Under  such  conditions  the  irregular  panels  become  largely  a 
matter  of  patchwork,  without  systematic  arrangement  of  the 
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blocks,  due  to  the  incapacity  of  the  rectangular  blocks  to  adapt 
themselves  to  other  than  rectangular  forms.  The  usual  result 
is  a  filh'ng  of  tile  and  parts  of  tile  wedged  together  in  the  most 
convenient  manner,  with  a  plentiful  supply  of  mortar  to  fill  the 
interstices. 


CHAPTER  XVIII. 
CONCRETE  FLOORS  AND  REINFORCED  CONCRETE. 

The  wonderful  development  of  concrete  construction  in  the 
United  States  during  the  past  decade  is  an  index  of  its  value  as 
a  constructive  material.  Office  buildings,  factories,  schools, 
theaters,  residences  and  farm  buildings  —  in  fact  all  classes  of 
structures  —  are  now  frequently  built  either  entirely  or  in  part 
of  concrete. 

As  used  in  the  superstructure  of  buildings,  concrete  is  employed 
in  the  construction  of  floors,  roofs,  columns,  walls  and  partitions; 
but  floors,  for  which  it  has  been  most  extensively  employed,  will 
alone  be  considered  in  this  chapter. 

General  Types  of  Concrete  Construction.  —  The  special 
applicability  of  concrete  construction  to  floors  and  roofs  has  been 
made  possible  by  the  gradual  development  of  approved  practice, 
in  which  varied  forms  of  metal  reinforcement  have  been  intro- 
duced within  the  constructions  in  order  to  add  tensile  strength 
to  the  system,  while  reducing  the  thickness  and  hence  the  weight. 
The  present  tendency  in  the  use  of  concrete  floors  is  away  from 
special  or  patented  systems  and  toward  more  general  applica- 
tions of  the  principles  of  reinforced  concrete;  but  two  broad 
types  of  floor-  and  roof-constructions  result  from  the  treatment 
of  columns  and  girders,  viz.y  those  types  depending  for  support 
upon  steel  columns,  girders  and  floor  beams,  or  steel-frame  and 
concrete  construction,  —  and  those  types  in  which  the  entire  con- 
struction is  of  concrete,  usually  termed  reinforced  concrete  in 
contradistinction  to  the  former  type.  But,  whichever  type  is 
employed,  the  construction  should  be  designed,  and  preferably 
superintended,  by  a  capable  engineer  experienced  in  concrete 
work,  and  not  by  a  concrete  construction  company.  There  are 
both  honest  and  reliable  concrete  construction  companies  who 
will  design  concrete  work  in  the  hope  of  securing  the  contract 
for  same,  but,  generally  speaking,  this  is  conducive  to  neither  the 
best  nor  the  cheapest  results. 
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General  Principles  of  Floor  Design.  —  The  effect  of  a  super- 
imposed load  upon  a  beam  or  slab,  of  whatever  material,  is  to 
produce  tension  in  the  lower  portion  of  the  beam  or  slab,  and 
compression  in  the  upper  portion.  Plain  concrete,  i.e.,  without 
metal  reinforcement,  is  strong  in  compression  but  comparatively 
weak  in  tension.  A  concrete  beam  12  inches  deep,  8  inches  wide, 
and  12  feet  between  supports  will  carry  a  center  load  of  about 
2500  pounds  before  failure.  If,  however,  reinforcing  steel  bars 
are  placed  in  the  lower  portion  of  the  above  beam,  the  super- 
imposed center  load  may  be  increased  to  about  30,000  pounds 
before  failure  occurs.  This  great  difference  in  load-carrying 
capacity  is  due  solely  to  the  introduction  of  the  steel  reinforce- 
ment to  increase  the  tensile  strength  of  the  concrete  in  the  lower 
portion  of  the  beam.  The  method  of  computing  the  necessary 
amounts  of  concrete  and  steel  to  provide  safely  for  the  compres- 
sion and  tension,  respectively  induced  by  the  required  load,  is 
the  essence  of  reinforced  concrete  design.  Ordinary  practice 
assumes  that  the  compression  in  the  upper  portion  of  beam  is 
wholly  taken  up  by  the  concrete,  and  that  the  tension  in  lower 
portion  of  beam  is  wholly  cared  for  by  the  metal  reinforcement. 
If  the  area  of  this  metal  reinforcement  is  too  small,  weakness  will 
be  apparent  as  soon  as  the  elastic  limit  of  the  metal  has  been 
reached,  while  if  the  area  is  too  large,  weakness  or  failure  will 
occur  by  the  crushing  of  the  concrete  in  the  upper  portion. 

In  pure  reinforced  concrete  design,  somewhat  more  complex 
problems  are  involved,  in  the  shear  requirements  in  girders,  in 
the  proportionment  of  columns,  and  in  the  attachment  of  gird- 
ers to  columns;  hence  for  complete  information  regarding  the 
theory  and  practice  of  proportioning  reinforced  concrete,  refer- 
ence should  be  made  to  some  authoritative  text-book,  such  as 
Taylor  and  Thompson's  "Treatise  on  Concrete,  Plain  and  Rein- 
forced," or  C.  F.  Marsh's  "Reinforced  Concrete."  Attention 
will  here  be  confined  to  a  few  fundamental  principles  governing 
good  design,  with  especial  reference  to  fire-resistance. 

Thickness  and  Weights  of  Floor  Slabs.  —  Manifestly,  a 
minimum  of  slab  material  is  required  by  bays  or  panels  containing 
supporting  beams  placed  comparatively  close  together,  but  a 
limiting  thickness  of  slab  may  easily  be  reached  by  practical 
considerations  other  than  mere  economy  in  the  quantity  of  con- 
crete. Thus,  if  steel  beams  are  used,  steel  is  proportionately 
more  expensive  than  concrete;  very  thin  slabs  are  more  expen- 
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sive  to  construct  than  thicker  ones;  difficulty  arises  in  the  prac- 
tical placing  of  rcin/orcement  in  thin  slabs,  and  sufficient  concrete 
muRt  he  left  at  the  soffit  for  the  adequate  protection  of  the  rein- 
forcement. These  conditions  generally  limit  the  economical 
thinness  of  slabs  to  3  inches,  and  Liiis  minimum  should  only  be 
employed  where  excessive  live-  or  concentrated -loads,  or  shock, 
are  absent. 

For  orriinary  loads,  the  thickness  of  concrete  slab  (not  includ- 
ing cinder  fiil)  should  be  at  least  five-eighths  of  an  inch  per  foot 
of  span,  with  a  preferable  minimum  thickness  of  3A  inches.  The 
following  table*  gives  the  weight  of  reinforced  concrete  slabs  per 
square  foot,  basetl  on  average  weights  of  150  pounds  per  cubic 
foot  for  broken  stone-  or  gravel-concrete,  and  112  pounds  per 
cubic  foot  for  cinder  concrete,  to  w^hit^h  are  added  4  pounds  per 
cubic  foot  to  cover  the  maximum  weight  of  about  1  per  cent,  of 
reinforcing  steel  r 

WEIGHT  OF  BEINFORCED  CONCRETE  SLABS  PER  SQUARE  FOOT. 
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Position  or  RelnforcenieDt.  —  Ab  the  greatest  tension  in  a 
beam  or  slab  exists  at  the  under  surface,  the  metal  reinforcement, 
to  be  of  the  gn^atest  service^  should  be  as  near  the  bottom  as 
fwssible;  but  the  protection  of  the  metal  against  corrosion  or 
possible  heat  or  fire  requires  that  a  sufficient  thickness  of  concrete 
be  left  at  the  ceiling  line,  below  the  metal,  to  provide  such  pro- 
tection. Reference  to  Chapter  VI 1  (page  249)  will  j^how  that 
this  protective  layer  of  concrel:e  shoultl  never  be  less  than  1  inch 
for  short-span  floor  slabs,  nor  less  than  1  ^  inches  for  long-span 
floors,  girders  and  beams,  nor  less  than  2  inches  for  especially 
heavy  or  important  members. 

*  Taylor  and  TliompdoiL 
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The  exact  position  of  Uie  reHiforcement  in  the  concrete,  there- 
fore, becomes  of  great  importance,  as  this  factor  not  only  f^erve^ 
to  affect  the  strength,  hut  the  fire-Bafety  of  the  construction  as 
well- 

Forms  of  KBiiiforeenieDt.  —  To  prevent  the  cracking  of 
concrete,  due  to  the  t^t retching  or  Klippinjgr  of  the  reinforcement^ 
the  form  of  stcd  i^houUl  be  such  ns  to  jjrovide  the  greatest  possible 
adhesion  ( o  the  Kurrounding  concrete. 

The  usual  forms  are:    deformed  rods  or  bars,  which  may 
twisted,  grooved  across  the  sides,  or  deformed  in  some  manner 
as  to  increase  the  mecharncal  bond  lietvvecn  the  Bcction  and  the* 
surrounding  concrete,  —  expanded   metal,  —  or  some  form   of 
wire  fabric. 

Where  rods  or  bars  are  employedj  many  small  ones  are  pref- 
erable to  few  large  ones,  as  the  area  of  adhesion  or  mechanical 
bond  is  thereby  increiused.  But  fhin  principh?  may  be  carried 
to  extreinei^,  as  when  small  roils  are  replaced  by  a  still  greater 
number  of  wjrt^s  in  light-metal  fabrics,  in  which  case  there  is 
greater  danger  of  failure  by  corrosion  ► 

If  plain  rods  are  used,  they  must  he  fircventwl  from  slippi 
by  Kclcctin^  very  long  lengths,  or  by  arrc^horing  the  etids,  or  boilT 
If  the  ends  are  bent  for  this  purpose,  there  must  be  a  considerable 
thickn*?ss  of  eoncrote  beyond  the  bend  to  prevent  the  tendency 
under  load  to  straighten  out  and  thrust  through  the  concrete/ 

The  best  slab  reinforcement  for  ordinary  spans  consists  of 
J-inch  to  f-inch  round  or  Sfjuare  rods  or  bars  of  some  deformed 
shape,  or  of  3-incli-meHh  expanded  metal  of  not  less  than  No,  10 
gauge,  the  area  of  metal  to  be  as  required  by  span  and  load* 

Coniposltloii  of  Couerete*  —  As  regards  fire- resistance,  it 
has  been  staled  in  Chapter  Vll  that  the  aggregate  largely  deter- 
mincH  the  result.  Conch isivc  flat  a  on  this  point  are  given  mider 
a  later  discussion  of  fire  tests  of  concrete  floors  (see  page  6 13, etc.). 

In  steel-frame  and  concrete  construction,  cinder  concrete  of  a 
proportion  of  1  cement,  2  of  sand  and  5  or  G  of  cinders,  has  been 
widely  use<:l  for  slab  or  arch  forms  where  the  beams  are  spaced 
not  over  8  foot  centers.  Cinders  generally  make  the  cheapest 
I>ossible  aggregate  and  the  lightest  possible  construction.  They 
are  highly  satisfactory  as  regards  tire-resiBtance,  —  jwoblematical 
as  regards  corrosive  tendencies^  —  and  iinsnited  to  w^ork  requir- 
ing considerable  strength  (see  also  Chapter  VII,  page  250). 
*  Taylor  jand  Tkumpaon, 
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Stone^  or  Rravei-con Crete  is  the  recof^nizni  standarrl  in  present- 
day  practice.  The  growing  difficulty  of  obtaininj^  a  grade  of 
cinders  satisfactory  for  even  tlie  ljfi;hU^t  and  cliea|)eflt  work  has 
resulted  h\  the  ahrio^t  univfJi'sal  use  of  concrete  made  of  gravel 
or  crushed  stone  for  both  steel-frame  and  concrete  floors  and  for 
all-concrete  structures.  In  the  latter  type^  cinder  concrete  Lb  not 
suited  for  use  in  either  betims,  gu-ders  or  columns. 

Stone  concrete  Is  usually  mixed  in  the  proportion  of  1  part 
cement,  2  or  2i  parts  sand  and  4  or  ,5  partvS  i^creoned  stone  or 
gravel.  If  a  wide  margin  of  safety  is  used,  a  1  :  3  :  tl  proportion 
may  be  amply  strong,  whereas  if  an  extra  margin  of  strength  is 
desired^  a  1  :  2  :  4  mixture  may  be  employed  (see  also  "Aggre-J 
gates/'  page  G23)* 

Regarding  concrete  '*1iH,'^  see  Chapter  XI,  page  339. 

Steel-frame  and  Ctmcrete  Floors.  —  The  position  of  the 
concrete  slab  in  reference  to  the  supporting  beams  determines 
the  appearance  of  the  soffit  or  ceiling,  i^lz: 

(1)  Paneletl  construction,  wlKT(!in  tlic  floor  is  not  umformly  as 
deep  as  the  supporting  beams,  and 

(2)  Flush  construction,  wherein  the  floor  is  uniformly  of  the 
full  depth  of  the  beams. 

Form  (2)  may  be  made  of  form  (1)  as  far  as  appeiirance  ia 
concerned  by  introducing  a  suspended  ceiling,  as  described  in  a 
later  paragraph. 

Paueled  Celling  Coti»»tructlon,  —  In  tliis  form  the  slabs  are 
usually  placed  high  enough  to  permit  the  floor  sleepers  or  screeds 
to  pass  over  the  beams.  Various  types  of  reinforcement  are 
employed  in  various  ways,  as  shown  in  the  following  typical 
illustrations.  Rods  or  flat  bars  may  be  used  perfectly  level,  or 
sagged  down  at  center  of  span.  They  may  either  pass  directly 
over  the  beams,  be  hooked  over  the  beam  flanges,  or  be  suspended 
from  the  upper  flanges  by  means  of  saddles  or  hangers. 

Expanded  metal  or  wire  fabric,  etc,  may  be  simply  laid  level 
in  the  slab,  or  passed  over  the  beams  and  Bagged  at  center.  But 
whatever  the  form  of  slab,  provision  should  always  be  made  for 
the  protection  of  the  beams,  especially  of  the  lower  flanges,  as 
shown  in  the  following  illustrations  and  as  described  in  a  later 
paragraph* 

Fig.  235  illustrates  the  typical  floor  construction  in  the  United 
States  Post  Office  and  Custom  House  at  Richmond,  Va.  The 
floor  beams  are  generally  12-inch  and  15-iach  I-beains,  of  17-  to 
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Fig,  236  shows  a  omihr  floor  in  the  United  States  Court  Hoti» 

and  Pdat  Office  at  Lot  Angetea,  Cat.,  in  which  the  metal  reinforce- 
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typt"  of  l^»rk-wovf!ri  or  ck^plrically-wekied  intersectioni?,  the  No.  8 

wireu  to  be  laiil  4  inches  centers  at  right  angles  to  the  supporting 
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Fia.  237.  —  Paneled  Floor  CoastfUdtioii, 
U,  S.  Court  House  dc  P,  O,,  Spokane, 
Wash. 


was  tbe  samcj  except  that  the 
loops,  as  well  as  the  metal 
lath,  surrounded  the  lower 
flanges  only. 

Fig.  237  illustrates  the  floor 
construction,  where  flat  ceil- 
ings were  not  required,  in  the 
United  States  Post  Ofiice,  Court 
House  and  Custom  House  at 
SpokanCj  Wash,  (the  flat-ceil- 
ing construction  is  shown  in 
Fig.  241).  The  girders  are  15- 
inch,  IS-inch  and  24-inch  Fs, 
anil  the  beams  are  generally 
lO-inch  25-pound  and  r2-inch  31|-pound  I's,  5  feet  to  5  feet  9 
inches,  etc.     The  floor  slabs  are  of  stone  concrete,  4  inches  thick. 

This  construction  is  particularly  interesting  in  that  the  wire 
loops  used  to  hold  the  concrete  around  the  girders  and  beams 
are  also  used  to  support  the  centering,  and  the  suspended  ceiling 
where  used  (compare  Fig.  244).  To  hold  the  wood  centering, 
double  loops  of  No.  10  wire,  12  inches  centers,  are  passed  over 
the  beams,  the  ends  hanging  down  well  belon'  the  sofHt  line.  The 
Jedger  boartls  of  the  centering  are  then  sup[>ortcti  by  twisting 
together  the  loose  ends  of  the  loops,  thus  forming  double  wire 
hangers  for  each  ledger  board.  It  was  required  that  the  concrete 
underneath  all  flanges  of  I-beams  or  channels  be  placed  fairly 
wet,  and  worke<l  thoroughly  under  from  one  side  of  form  only, 
or  until  to  be  seen  well  filk\l  from  the  other  side.  After  the 
removal  of  centering,  the  wirtii^  are  snipped  off  at  the  soffit  line. 

Flush  Celling  Construction.  —  This  form  is  best  adapted 
to  light  floor  loads,  as  in  hotels,  apartment  houses,  etc.,  as  it  ii.- 
only  possible  with  any  degree  of  economy  when  shallow  beams' 
of  moderate  spans  can  be  employed.  Deep  beams  require  too 
much  *'  fill,"  thus  a^kling  greatly  to  the  weight.  The  slab  should 
always  be  placed  low  enough  on  the  beams  to  leave  one  inch  of 
concrete,  and  preferably  two  inches,  between  the  lower  flanges 
of  beams  and  the  ceihng  line.     As  before,  various  forms  of  rein- 
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forcement  are  used,  generally  resting  on  the  lower  flanges  of 
beams. 
A  typical  floor  of  this  form  is  shown  in  Fig.  238. 

-Finished  Floor 
r  Rough  Floor 


/^^S;/V:!/:^Sii;ii;^^^^ 


Reinforcement^ 
Fia.  238.  —  Flush  Ceiling  Concrete  Slab  Construction. 

It  should  be  noted  that  any  flush  ceiling  construction,  whether 
of  type  similar  to  the  above,  or  of  the  *' mushroom"  or  "paneled 
slab  "  types  as  described  later,  will  obviate  the  fire  damage  which 
usually  results  from  the  employment  of  projecting  girders,  and 
will  permit  maximum  throw  to  both  inside  sprinkler  heads  and 
hose  streams  from  without. 

Lintel  Construction*  wherein  a  monolithic  slab  as  described 
above  is  replaced  by  a  series  of  lintels  or  beams  of  reinforced 
concrete,  has  been  used  in  some  instances.  Such  lintels  rest  on 
the  lower  flanges  of  the  steel  beams,  being  made  at  the  factory, 
of  suitable  depth  and  span  to  suit  the  various  bays.  They  are 
usually  of  I-section,  reinforced  by  rods  or  metal  fabric,  and  are 
either  placed  contiguous,  in  which  case  no  centering  is  required 
except  for  the  beam  protections,  or  spaced  somewhat  apart, 
as  in  the  ''Waite"  method,  the  space  between  the  lower  flanges 
being  filled  with  cinder  concrete.  The  great  possibihties  in- 
herent in  this  construction,  both  as  regards  load-carrying 
capacity  and  fire-resistance,  are  indicated  by  the  fire  and  load 
tests  made  by  the  British  Fire  Prevention  Committee  on  the 
lintel  construction  known  as  the  ''Armocrete"  Tubular  System 
(see  page  617). 

Beam  and  Girder  Protections.  —  The  importance  of  the 
adequate  protection  of  beam  soffits  and  girders  has  already  been 
pointed  out  in  Chapter  XI,  while  in  Chapter  XVII  numerous 
examples  of  such  protections  have  been  given  in  connection  with 
hollow-tile  floor  arches. 

Where  concrete  floor  systems  are  used,  the  protection  of  beams 
and  shallow  girders  is  a  comparatively  simple  matter,  as  the  en- 

*  Compare  with  "Unit"  or  "Separately-moulded"  System,  page  613. 
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casing  concrete  is  poured  at  the  same  time  as  the  floor  slab  or 
arch,  thus  making  a  monolithic  construction  without  the  joints 
which  are  apt  to  prove  so  vulnerable  in  the  case  of  hollow  tile. 
The  principal  difficulty  is  encountered  in  placing  the  concrete 
under  the  lower  flanges  of  beams,  especially  where  only  about 
one  inch  of  concrete  is  allowed  for.  But  if  a  protection  under 
the  beams  of  not  less  than  2  inches  is  called  for,  and  if  the  ma- 
terial is  used  fairly  wet  and  is  worked  through  the  form  from  one 
side  only,  there  should  be  no  difficulty  in  producing  satisfactory 
results,  especially  if  metal  reinforcement  is  provided  for  both 
soffits  and  sides  of  beams,  as  shown  in  Figs.  235  and  236. 

Even  with  concrete  floor  slabs,  terra-cotta  beam  casings  are 
sometimes  used.    Fig.  239  illustrates  a  porous  terra-cotta  beam 
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239.  —  Concrete  Floor  Slabs  with  Terra-cotta  Beam  Casing,  U. 
Office,  N.  Y. 


casing  as  used  in  the  United  States  Assay  Office,  N.  Y. 
of  No.  10  wire  are  embedded  in  each  joint. 


S.  Assay 
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Fio.  240. 


iTiHliail  T.C, 


-  Concrete  Floor  Slabs  with  Terra-cotta  Girder  Casing,  U.  S.  Assay 
Office,  N.  Y. 


610         FIRE   PREVENTION   AND   FIRE   PROTECTION 

For  deep  I-beam  girders,  or  for  plate  or  box  girders,  hollow- 
tile  blocks  must  usually  be  resorted  to  either  in  whole  or  in  part. 
Fig.  240  shows  the  casing  of  a  24-inch  I-beam  girder,  also  in  the 

^2x3  Nailing' strips 


Fia.  241.  —  I-Beam  Girder  Protection,  Proposed  Appraisers'  Stores,  Boston. 

United  States  Assay  Office,  N.  Y.,  while  Figs.  241,  242  and  243 
show  respectively  the  protections  designed  for  an  I-beam  girder, 
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Fig,    242.  —  Plate-girder   Protection,    Proposed   Appraisers'   Stores,   Boston. 

a  plate  girder  and  a  box  girder,  in  the  proposed  United  States 
Appraisers^  Stores,  Boston,  Mass. 
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Fro,  243„  —  Rox-pfinior  Protoption,  Proposed  Appriiiaera'  Store?i,  BoBtoti. 


Suspended  Celling^.  —  iVs  regiirfli?  the  general  efficiency  of 
siJf^pendwl  (Tilings,  see  Chapter  XI,  page  343. 

The  flat  et^hng  ftmst ruction  useil  in  (he  TTnitM  iSiaU's  Powt 
Office,  Court  Housf*.  ami  C^iL^toni  House  at  Spokane,  Wash.^  in 
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WiQ.  244.  —  Furred  Coilitig  roitstrurlion,  Ih  i>.  V.  li,  Bldij:.,  Spokaue,  Wash, 

[connection  with  eonerete  fi(K»rf<,   is  shown  in  Fig.  244.     Te^, 
1 1-inch  by  1-inch,  12  inches  centers,  covered  with  metal  lath,  are 
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Buspended   by  means  of  double  No.  10  galvitriizcd-wire  loopB» 
12  inches  centers,  at,  the  beams  and  at  wall  chunnels.     At  tbe  I 
deeper  girders,  wire  hangers  are  uaed^  as  shown.     Where  the  tees  I 
run  at  ri^ht  anj^ies  tf>  the  girder,  the  wire  hangers  are  spaced  by 
means  of  a  J-inch  diameter  rod,  running  the  full  length  of  girder,  ] 
just  above  the  tees- 

Fig,  245  illustrates  the  suspended-ceiling  crmstmetion  as  em- 
ployed in  connection  with  the  floors  shown  m  Fig-  235. 
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Fia.  245.  —  Furred  Cf^ninR  ConPtniftion,  U.  S*  P.  0.  BIdg.,  Rii  hmond,  Va. 

Floors  in  Reinforced  Concrete  Buildings  embody  tJio  same  I 
princiiiles,  and  often  the  same  forms^  a^s  previously  described, 
except  that  reinforced  concrete  beams  and  girders  are  substi- 
tuted for  the  steel  beams  and  girders.  Among  the  more  noted 
special  types  of  construction  may  be  mentioned  the  ''Mush- 
room'* System,  the  ptmeled-slab  constnictionf  and  the  "Unit" 
or  separately-moulded  system. 

The  "Mushroom"  System  was  invented  and  patented  by  \ 
Mr.  C-  A.  P.  Turner  of  Minneapolis,  Minn.  In  this  system, 
continuous  floor  slabs  of  a  uniform  thickness  are  supported  by 
the  walls  and  columns^  without  the  use  of  projeeliiig  beams  or 
girders*  A  flat  centering  over  the  entire  area  is,  then^forct  used. 
The  system  derives  its  name  from  the  manner  in  which  ihe 
columns  are  flared  out  at  tlie  top  by  means  of  reinforcing  bars 
which  are  placed  both  radially  and  circumferentialiy,  thus  re- 
sembling a  mushroom  shape.  The  slabs  arc  reinforceil  by  rods 
running  diagonally  across  the  slab  from  column  to  column  iti  two 
directions^  and  also  by  rods  of  the  same  size  running  from  column 
to  column  along  the  outer  lincB  of  each  floor  panel. 

LPaneled-^lab  Construction  *  consists  of  paneled  slabs,  sup- 
ported   upon   flaring  column   heads.     The  ordinarj'^   projecting 
*  For  more  complate  descriptioD,  see  Engineering  Newst  January  27,  1910. 
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girders  running  from  column  to  column  are  replaced  by  very 
wide  but  shallow  girders,  running  in  both  directiona,  between 
flared  column  hemls  or  capitab^  Thus  eardi  bay  between  col- 
umns bot^omes  one  lar^o  slij^ht  ly  reee^st^d  panel. 

The  "Unit"  or  "Separately -moulded"  Systeiiii*  in  con- 
tradistinction to  monolithic  construction^  consists,  as  the  appelia- 
tion?3  indicate,  of  various  reinforced  ^^onc^ete  members,  such  iis 
columns,  girders j  and  either  lintels  or  slabs  for  floor  panels,  all 
of  whit*h  are  moulded  cither  at  a  factory  and  shipped  to  the  site, 
or  preferably,  on  the  ground.  The  reinforcing  bars  in  the  mem- 
bers are  left  projecting  at  the  connections,  so  that,  after  the 
ereelion  of  the  uiuta  by  means  of  cranes  or  derricks,  they  may  be 
embedded  in  a  jointing  pouring  of  concrete^  usually  from  2  to 
3  per  cent,  of  the  total,  so  as  to  give  practically  a  continuous 
construction. 

The  only  reason  for  being  of  the  aeparately-moulded  concrete 
building  is  economy*  There  can  be  no  claim  that  under  equal 
conditions  of  manufacture  it  is  stronger,  more  roomy  or  better 
looking  than  its  monolithic  predecessor;  in  these  respects  its 
highest  expectation  can  be  but  equality.  In  the  matter  of  cost, 
however,  it  htvs  theoretically  the  better  of  the  argument  because 
of  the  reduction  in  the  use  of  expensive  forms,  a  reduction  that 
has  been  the  aim  of  all  concrete  m^eis  for  ten  years  past.  Forms 
flat  on  the  ground  on  a  mixing  board  may  be  of  muf^i  lighter 
materia!,  less  complicated  design,  and  much  more  easdy  trans- 
ferred for  new  units  than  when  ercctctl  in  the  Ijuilding  —  obvi- 
ously the  total  cost  for  them  must  be  less.  So,  too,  the  labor 
for  erecting  them  and  for  filJing  them  with  concrete  must  show  a 
CO nsid erable  red u<: ti on . * 

FiKE  AND  Load  Tests  op  Concrete  Floors 

New  Tork  Building  Department  Tests,  —  With  the  excep- 
tion tjf  the  Expanded  Metal  Company's  floor,  practically  all  of 
the  types  of  concrete  floors  covered  in  the  original  tests  of  1896 
and  1897  wert^  of  *' systems"  or  patented  constructions  which 
are  now  obsolete.  Later  testa  of  more  general  forms  have  been 
made  in  conjunction  vv^ith  the  Building  Department,  usually  by 
Professor  Woolson,  among  which  may  be  mentioned  the 

Test  of  ''Kahn**  System  by  Columbia  Flre-testlng  8ta« 

tion.l  —  The  conditions  of  test  were  tliose  prescribed  by  the 

New  York  Building  Dcpurlment  (see  Chapter  V,  page  123). 

•  For  deal' ript ions  of  Btsverttl  buildings  erected  ooder  thm  metliod,  iee 
EnyineeriHi;  iWi^wis.  Sune  lA,  1911, 

t  See  "CoJuxnbm  Fife  ^SteiLioa  Tejjts,"  No.  6,  1B04, 


614 


FIRE    PREVENTION    AND    FIRE    PROTECTION 


The       I 

the™ 

1 

'S. 

M 


The  floor  te>it('(l  f^onslitutctl  the  roof  of  the  bmlding,  and 
was  parried  oa  two  reinfnrced-foncrij'tc  girders  of  tlw  same  system 
as  the  flfwr.  These  girdet's  were  IS  inehe^  iieep  ineliidirig  the 
floor  of  which  they  formed  a  part.  They  were  spared  1  5  feet  on 
centers  and  had  a  clear  wfian  of  14  feet  between  the  walls»  The. 
actual  clear  span  of  the  fioor  slab  between  the  girders  was  13  fe 
8  inches.  ^ 

The  reinforcing  metal  in  both  floor  and  girders  was  the" 
Ivahn  bar  with  ita  wing  projections.  The  bars  in  the  floor  were 
i  inch  squiire.  One  set  spaced  8  inelies  on  centers  rurrning  from 
girder  to  girder,  and  another  sirnlhtr  set  was  run  at  rii^ht  iinglea 
io  the  first  but  spaced  2  feet  apart.  One-inch  bars  were  used  in 
the  girdcrw. 

The  concrete  for   the   floor  was  mixed   in  proportion  of 
cement,  2f  sand  and  5  broken  stojie,  and  1,  2,  4  for  tfie  girders. 
"Vulcanite"  Portland  c<*tncnt  was  used,  and  the  stone  was  trap_ 
rock  cruahed  to  ^-Inch  size.  .  .  . 

Ceiling  was  not  plastered. 

During  the  test  several  cracks  developed  on  the  roof  run- 
ning in  various  directions,  as  the  floor  sagged  from  expansion 
due  to  the  heat.  .  .  .     No  cracks  were  visil>lo  on  the  under  side,  i 
and  later,  w  hen  the  roof  was  flooded,  no  leaking  of  water  throygnfl 
the  craeLs  was  noticeable. 

The  ceiling  wsis  in  excellent  condition.  The  concrete  wa 
somewhat  pitted  wiiere  subjeeled  to  the  force  of  the  water,  bu 
no  flaking  had  occurred  and  no  cracks  were  apparent  except  i 
horizontal  crack  about  3  feet  long  in  the  side  of  the  south  girde 
an(i  a  few  very  small  cracks  in  the  bottom  of  each  girtJer. 

No  exposure  of  the  reinforcing  metal  was  made  except 
few  .small  holes  each  about  |  inch  in  area.     Practically  the  meta 
protection  in  floor  and  girders  was  complete. 

There  wa.s  a  deflection  of  4|  inches  in  the  middle  of  the  floor 
span  during  the  fire;  this  included  a  deflection  of  If  inches  in  the 
middle  of  the  girders.  When  the  loml  wtts  renKn^ed  and  the  floor 
allowed  to  cool  the  deflection  was  reduewl  to  1 2  inches  for  the  J 
floor,  and  j\  inch  and  |  inch  respectively  for  the  girders,  Tbefl| 
final  loading  to  6(X}  pounds  per  scjuare  (mi  produce^l  a  total 
deflection  in  tlie  middle  of  the  girders  of  \\l  inch  and  1|  inches 
respectively.  The  de!ie<'tion  of  the  floor  slab  relative  to  tlie 
girfJcrs  when  under  full  load  was  2j\  inches. 

The  full  load  wi\s  left  on  tlic  floor  16  hours  with  practticaHy 
no  increasi!  in  deiiection.     After  the  loa<l  was  discharged  a  re* 
covcry  of  about  an  inch  was  noted,  though  it  was  not  accurately 
measured* 


1^ 
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Tests  of  the  British  Fire  Frevention  Conimitt^e  comprise 
tfie  most  systematic  if  not  the  most  exleiisive  Are  and  water 
tests  of  concrete  fioor  constructions  yet  undertaken.  Jouinal 
No.  Vl  of  the  Committee,  1911,  givi^s  labululed  summaries  of 
fifteen  floor  construct  ions  wfiich  have  bw^n  Te?jteil  under  the  con* 
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ditions  nfcessary  for  cLissificatioii  undtT  ^'Full  Protection/'  of 
which  one  wiva  the  "New  York"  reinforced  terra-cot  fa  arch, 
desrribiKl  in  Chapter  XVII;  one  was  a  "eombinalion"  terrti- 
cotlii  and  concrete  floor,  ns  dmerihetJ  in  (/Chapter  XIX;  one 
was  of  reinforced  brick  and  concrete;  vvhik;  12  wt*re  of  varioiia 
forms  of  concrete  conntruction,  some  with  supporting  ateel  beams, 
some  with  reinforced  concrete  girders,  and  others  of  the  lintel 
construction.  These  te.stt^  are  descrihtxl  in  ih'tail  in  *' Rtd 
Book!^''  Noa,  23,  34,  Gl,  04,  %,  1(J1,  103,  lOti,  107,  H).S,  M)\\  \V2, 
114,  lis,  119  and  125,  to  which  reference  should  he  rnad*.^  for 
detailed  information.  Those  of  particukir  value  in  determining 
the  fire-resistance  of  concrete  floors  may  be  briefly  extra^Jted  as 
follows: 

Steel-beam  and  Concrete  Floors.  —  "  Red  Book^'  No.  101  describes 
tests  made  (1D05)  to  obser\"e  the  effects  of  fire  and  water  upon 
concretes  composed  of  various  aggregates.  The  tests  included 
iseven  bays  of  eijual  span  and  thicknes.s,  the  quantity  and  quality 
of  the  Portland  cement  being  identical  in  each  caae^  but  with 
different  aggregates  as  follows: 

Bay  No.  L  —  Blast-furnace  slag^  —  3  :  2  :  L 

Bay  Xo.  IL  —  Broken  brick,  —3:2:1. 

Bay  N^o.  II L  —  Broken  granite^  ^  3  :  2  :  L 

Bay  Xo,  IV.  —  Burnt  ballast,  or  clay  burnecj  witli  slack  coal,  — 
5:1. 

Bay  No.  V.  —  Coke  breeze,  from  gas  retorts,  —  5:1. 

Bay  No.  VL  —  Clickern,  or  broken  rakings  from  boiler  piants, 
—  3:2:1, 

Bay  No.  V^II.  —  Thames  bahast,  or  gravel  dredgetl  from 
Thames,  —  3  :  S  :  1. 

The  leiJ^t  serious  damage  from  the  standpoint  of  reconstruction 
resulted  to  Bay  No.  V.  No  cracks  or  deflcftioti  occurre<l,  but 
about  1  inch  of  the  soffit  material  wp**!  washed  off  in  jilaces,  by 
the  hose  stream.  Bays  Nos.  1,  11,  IV  and  VI  came  next  in  order 
of  excellence,  all  somewhat  crackefl  and  siiggeti;  hay  No.  Ill 
was  even  more  damaged,  while  bay  No.  VH  suffered  tlte 
greatest  injury.  Regarding  the  latter,  **the  surface  was  dam- 
agetl  all  over  more  than  any  of  the  other  slabs,  the  greatest  depth 
being  about  2  inchet^.  A  hok?  in  one  corner  permitted  daylight 
to  be  seen/' 

Summary.  —  The    test    did    not  go  far  enough   to  draw 
definite  cuiiclusioas  except  to  ahow  the  entire  imrehahihty  of 
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Thames  balliist  (or  gravel)  concrete  as  a  suitable  material  for 
this  m<»tlHid  of  construction. 


** Eeii  Ikmk "  No.  107.  —  Test,  of  Thames  ballast  corien^te  floor 
5  inches  thick,  with  4-inch  I-beam  joists  2  feet  4  inches  centers, 
and  wide-flange  I-beam  gird^ns  pltieetl  7  feel  centers.  The  con- 
struction auffereii  a  permanent  df-flection  i>f  41  inches,  and  failed 
to  obtain  classification.  The  test  agani  "demonstrated  the  un- 
reliability of  ordinary  fjravel  or  Thames  ballast  concrete 
fire-resisting  material  at  high  temperatures." 

''Red  Book^'  No,  108.  — -  Te.st  of  conKtniclion  identical  to 
described  in  No*  107^  the  only  difference  being  in  the  aggn 
of  which  the  concrete  was  conijjoscfb  "The  test  clearly  cjemoi 
etrated  the  superiority  of  clinker  antl  coke-breeze  concrete  over 
Thames  baQast.^'  The  floor  obtaineil  clussificjilioii  '*Full  Pro- 
tection, Class  B"  at  end  of  4  hours.  No  permanent  deflection 
wtw  apparent,  although  the  temperatiu'e  exceeded  the  standard 
rcHjuirements  hy  90  degrees. 

^* Red  Book'-  No.  109  describes  a  test  of  concrete  floor  slabs 
reinforced  with  No.  !0,  ^inch  expanded  metid.  The  concrete 
was  made  of  2,66  parlB  brick  (broken  to  ptim  a  1-inch  mesh  sic^ve)| 
1,33  parts  sand,  and  1  part  cement.  One  bay  Tyvas  7  inches 
thickj  and  two  bays  were  0  inches  thick.  One  sheet  of  exi>anded 
metid  was  laid  in  each  bay,  1  inch  above  the  centering. 

Two  projecting  beams  or  girders  ilivided  the  three  panels. 

Beam  '*A"  was  an  I-beam  surrounded  by  fine  concrete  (of 
same  mixture  as  above  but  with  the  aggregate  broken  finer),  in 
the  lower  portion  of  i,^'hich  was  embedded  a  part  sheet  of  No.  ^ 
1 3-inch  mesh  expantied  mctaL 

Beam  "B"  was  an  I-beam  protected  by  3  inches  of  plaster, 
apphe^l  on  J-inch  round  furring  rods  covere<l  with  evpanded 
inetid.  Hollow  spaces  existed  between  the  uptuT  and  lowe* 
beam  flanges. 

Siitnmonj, — ^  Classification   "Full   Protection,   Chii^  B 
ohtaitiefL     The  tcm|)erature  exceeded  the  required  standard 
260  degrees.     In  GO  minutes  a  portion  of  the  conc*rete  ceasing 
beann  "A"  fell,  but  no  raetid  Wiis  visible.     In  2\  hours  thi 
were  cracks  in  the  upper  surface  of  the  floor.     At  eoiiclu.sion 
test,  beam  **A"  had  deflecliHl  ^^  inch,  and  beam  "B''  If  incb 
The  fire  did  not  pass  through  the  floor,  and  no  damage  waa  doi 
to  the  soffit  of  concrete  by  fire  or  water. 
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Ueittfttrtni-afnt^ek'.  Slah^  and  Girthra, — -^^Rfd  Book*'  Na,  1(16 
de,'*rribes  a  test  of  tlie  "Coignet  "  system  of  reinforcement  for 
slabs  and  ginlprn.  The  concTete  was  a  clinker  mixture  made  of 
3|  parts  olinker,  1  part  sand^  and  1  part  Portland  cement.  The 
slabfl,  which  wore  6  iriche^i  thick,  reinforced  with  i-inrh  diameter 
rods  cambered  downwards  to  within  about  1  mcli  of  (tie  wood 
centering,  were  supported  by  concrete  girder^^  7  feet  5  incht?8 
centers,  reinforced  with  b}-irich  rods  winch  were  pbced  IJ  inches 
up  from  the  soffit,  which  was  plasterexh 

Summ*Jiri/, — Classification  "Full  Protection,  C1a>w  A  ^^  was 
obtained,  but  the  teat  plainly  demonstrated  the  insufficiency  of 
the  protection  to  the  reinforcement  members.  The  application 
of  wiitvT  did  considerable  damage  to  the  beam  tK)fhts,  and  also 
erode<l  the  slab  sofHts.  Neither  fire,  smoke  nor  water  passed 
through,  but  the  permanent  set  of  the  floor  was  Sj^^  inches. 

''Red  Book''  No.  112  describes  a  second  test  of  the  "Coignet" 
gystern,  practically  identical  with  No.  106,  except  that  the 
aggregate  of  the  concrete  was  blast-furnace  slag,  and  tlie  hui> 
porting  beams  were  5  feet  '.)  inches  centers. 

Summnr[/.  —  The  application  of  water  knocked  much  concrete 
off  of  the  beam  soffits,  exposing  the  rods.  The  maximum  de- 
flection at  the  end  of  test  was  4i%  inches,  the  pennanent  set 
being  If  inches.  Neither  fire  nor  water  passed  through  the  floor, 
which  was  given  claji^ification  "Full  Protection,  Class  B.'^ 

"Red  Book^'  No.  114  describes  a  reinforced  slab  and  beam 
f^oor  lest  in  which  the  concrete  w^as  a  blast-furnace  slag  mixture. 
The  slab,  51  inehes  thick,  reinforced  with  indented  steel  bars, 
vt'iiH  supported  by  concrete  beams  which  were  placed  7  feet  5 
inches  centers,  and  reinforced  with  square  bars  and  stirrups. 
The  larger  bars  w^re  placed  5  inches,  and  the  smaller  3  inches 
-from  the  beam  soflfils. 

B  Summary, — Classification  "Full  Protection,  Class  B'*  was 

Obtained.     The  application  of  water  dislodged  concrete  from 

the  beam  soffits,  exposing  the  bars.     The  slab  soffit  wtis  also 

eroded.     The  permanent  set  was  |  inch.     Neither  lire  nor  water 

passed  through  the  floor* 

*' Linki "  or  " SvpfiTniely-moMed "  Fhmr.  —  " Red Book^^  No.  119 
describes  an  extremely  intertisting  t.cst  of  the  Herbst  ''Armo- 
crete"  Tubular  Bystem,     This  conist ruction  is  equivalent  to  our 

KcalM  "unit,'*  ''lintel '*  or  '* separately-moulded"  systems. 

The  floor,  which  w^aa  22  feet  5  iaches  long  by  10  feet  3  iiicliea 
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span^  ronsisHHl  of  conerr'to  i-  webs  and  tubular  filliriK  bloi-kg, 
as  shown  in  Fi^.  246.  Tho  webs,  plarixl  11  indues  c^cnh^rw  nvrass 
the  hut  from  wall  to  wall,  were  of  concrete  niarlo  of  2  parts 
shingle,  1  pari  ^sand,  and  1  part  Porthinti  cement.  Embedded 
therein,  1  inch  up  from  the  soffits,  were  It-inch  by  I'^^-ineh  corru- 
gated reinforcing  bars.     The*  tubular  filling  blocks  were  ma 


Fio.   240.  —  "  Armocrote*'  Tubular  Floor  SystGiu, 


of  7i  parts  coke  breeze,  5  parts  sand,  and  1  part  cement.     The 
WTre  moulded  in  a  hand  press,  each  section  being  8  inchea  long, 
A  IJ-ineh  Itiyer  of  concrete  was  spread  over  thp  whole  construe^ 
tion,  and  the  soffit  w^as  plastere^L     Both  webs  and  tubes  we 
made  at  the  site. 

iSummary  of  TetiL. —  Clas.sification  *'Full  Protection^  Chisa  B\ 
*^wa9  obtained  under  a  teini)eraturo  exceeding  the  standard  re 
quirements  by  280  degrees.  The  applieal  ion  of  water  produced 
no  effect  except  to  erode  some  of  the  pkister.  After  th(^  load  was 
removed,  transverse  cracks  were  observed  in  the  top.  The 
maximum  deflection  during  tho  test  wa.s  J  inch,  the  pemiune 
set  being  i\\  inch.     Neither  lire  nor  water  passed  through. 

Load  TfM,  —  A  subsequent  load  test  on  sample  slabs  of  tfc 
la«t  describetJ  lintel  system  is  recorded  in  "  Red  Book  "  No.  12 
Tw^o  slabs  were;  exactly  as  described  above,  2  feet  9  inches  wid 
wnth  results  as  follows: 

Slab  A.  —  14-foot  span,  age  24  weeks,  failed  under  a  distribut* 
load  of  138ti  pounds  per  square  foot. 

Slab  C.  ^—  14-fotit  span,  age  27  weekB,  failed  rmtler  a  distribute 
load  of  70t>  pounds  per  square  fool . 

A  deeper  floor,  made  of  webs  l^i  inches  deep  reinforced  with 
two  2  J -inch  by  |-inch  corrugated  bats,  was  also  tested  as  follows; 
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Slab  B*  —  28-foot  span,  age  27  weeks,  loaded  without,  failure 
fto  S57  iKJundri  per  square  fooL     Dofiocfion  '19.1  inehoK. 

Load  Tests  of  Bla&t-funiace  81ag  Concrete s<  —  Hf'cynt 
tests  have  been  nuide  by  the  C*arne|?ie  Steel  Company*  to  deter- 
mine thy  value  of  blast-funiace  slag  as  an  aggregate  in  concrete 
work.  The  investigations  covered  tost.H  for  conipression  only, 
on  1  :  3  :  B  concrete  bkniks,  12  inelnw  diameter  and  lU  inehe^s 
high.  The  concretes  were  made  of  various  mixtures  of  Portland 
cement,  river-  and  slag-sand  and  aggregates,  tlie  latter  including 
gravel,  limestone,  machine  slag  and  bank  slag. 

Machine  Slug  m  made  by  running  molten  slag  from  the  blaat 
furnace  onto  conveyor  pans  where  it  is  eook'^l  by  water  spray 
before  dumping.  The  pieces  are  (hin,  ranging  in  .size  up  to 
about  1  inch. 

Bank  Slag  is  air-cooled  bla.st -furnace  slag,  excavatetl  from 
old  waste  banks.  It  is  then  crushed  and  screencKl,  the  pieces 
ranging  from  ^  inch  to  1  inch.  Bank  slag  No.  2  is  the  same,  ex- 
cept that  the  pieces  run  to  2^  inches  in  size. 

The  following  conclusions  were  given  aa  the  result  of  these 
testa: 

(1)  The  mixtures  containing  river  sand  and  gravels  were 
regarded  as  standard. 

(2)  Generally  hank  slaga  tested  Idgher  than  either  gravel 
or  iimeetone. 

(3J  Bank  slag  No.  1  with  river  sand  developed  the  greatest 
strength  of  all  the  coarser  aggregates. 

(4)  Bank  slag  No.  2  with  river  sand  ranks  seconds 

(5)  All  slag  aggregates  compare  favorably  with  the  gravel 
standard. 

(ti)  Both  banlt  ahig  aggregates  with  either  river  sand  or 
slag  sand  No.  2  can  be  recommended  for  general  work. 

(7J  Machine  slag  is  recommended  for  lighter  construction 
where  maximum  strength  is  not  e-ssential, 

(8)  Bank  slag  screenings,  and  espeeiaUy  the  No.  2  or 
eoarscT  gra<Je,  develofKid  remarkably  high  strength  and  are 
probably  the  materials  par  excellence  for  reinforced  concret^e 
when  lightness  of  conBtructiun  with  maximum  strength  is 
required. 

(9)  Many  of  these  slag  products  have  already  been  used 
in  practice  for  several  yearn,  ami  compare  favorably  with  other 
materials. 


•  See  "Fumate  Blaga  in  Concrete;  a  Series  of  Tests  to  Dctermino  the  Prao- 
licability  of  Hhist  Fiirni*ee  SljigfJi  for  Vae  in  Concrete/*  by  Caroefije  Steel  Com* 
paay,  Pittsborgh*  Pa..  19H. 
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Concrete  Floors  in  San  Francisco  BulMInie^s.  —  Seve 
opinions  ref^arding  the  iielion  of  concrete  in  buildings  whicS 
past^ed  through  tho  Htm  Francisco  conflftgration  have  previouaiy 
bf^en  given  (see  C'hapter  VII,  page  245).  As  regard.s  floor  co 
stractionn  particularly,  varioujs  types  were  compai'fKl  bj^  Mj 
Himmelwright  as  follows; 

The  .segmental  ninder  ponprete  arch,  in  si i art  spans  (8  f^ 
or  \ms)j  where  the  concrete  was  originally  of  good  quality, 
veloped    the    liast    tire-resisting   qualities    and   strength.     Tl| 
mateiial  and  this  form  of  using  it  prtjvod  vastly  superior  to  ; 
otlier  used  for  tireprooting  purposes.     This  method  was  lu 
in  the  Hotel  St.  Francis^  and  in  the  ground  floor  of  Haas'  Candy  ' 
Factory,  at  the  comer  of  Mint  avenue  and  Jessop  atniet,  and 
not  a  single  square  foot  of  the  floor  arching  in  these  buildings  was 
diiinaged  in  the  least  by  the  fire. 

The  next  best  fire-resLstance  was  shown  by  the  short-span 
(8  feet  or  lesw),  cinder-concrete,  flat-slab  floor  tHinstruction^  in 
w^hich  steel  reinforcing  metal  was  use<:l  in  tension.  This  raethod 
and  material  were  u.scd  in  the  Merchants'  Exchange,  in  which  the 
damage  by^  fire  was  inappreciable. 

The  next  in  order  of  fire-reaistance  w^as  the  same  short- 
span,  flat-slab  method  of  reinforctxT concrete  in  wiiicb  stone  and 
gj'avel  aggregates  were  used.  This  method  and  material  were 
used  quite  extensively,  the  best  results  having  been  ehowTi  in 
the  Mutual  Savings  Bank  Building,  the  Bush  Htreet  and  South 
offices  of  the  Pacific  States  Telephone  Company  and  many 
others. 

The  next  method  in  the  order  of  fire- resistance  was  the  re- 
inforced i*tonci-concrete  construction  proper  in  long  spans,  and 
where  rolled-steel  girders  and  beams  were  generally  oDvitted. 
Where  this  method  was  used,  a  very  slight  attack  of  fire  was 
generally  sufficient  to  cau.sc  the  rupture  of  the  concrete  under- 
neath the  reinforcing  metal,  so  that  it  fell  away,  exposing  the 
met  ah  There  were  (iompanitiyely  few  buddings,  however,  in 
which  this  method  of  construction  was  used. 


Conclusions.  —  The  severe  fire  and  water  teats  of  the  Briti8h_ 
Fire  Prevention  Committee  describetl  above  show  conclusive 
that  concrete  fioorfe  may  he  made  to  possess  a  very  high  deg 
of  fire-resistance,  and,  withal^  a  high  load-carrying  capacity  under 
severe  conditions.  The  standard  requirements  of  the  Briti«li 
Fire  Prevention  Committee  for  ^'Full  Protection,  Class  B"  — 
e/2.,  ISfM)  degrees  for  4  hours,  under  a  load  of  2S0  fjounds  ]irr 
sq>iare  foot  —  are  even  somewhat  more  severe  than  the  requiro 
ments  of  the  New  York  Building  Department  ^t^ig,^  1700 
degrees  for  4  houri^,  under  a  lomi  of  150  pounds  per  stinare  foot* 
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Any  conslruction  which  can  successfully  pass  such  tests  will 
most  certainly  withstand  any  ordinary  actual  testn* 

It  hiis  been  shown  in  Chapter  VI 1  fhat  stones  or  gravel-eon crete 
loaea  50  per  cent,  or  more  nf  its  .strength  undcT  a  teniperaturo 
of  1500  <1egrco*?p  sustained  for  three  hours.  Also,  that  surface 
dehydration  will  occur  under  heat  to  a  greater  or  less  depth,  and 
that  hose  streams  will  genej-ally  erode  more  or  hss  surface  ma- 
terial Notwith.stariding  the«e  facts^  it  should  be  rememhtrcd 
that  fires  in  huildiiit^s  will  seldom  develop  temptiratures  equai 
to  those  maintaine<l  in  the  tests  above  described,  at  least  for 
any  considerable  period  of  time.  Acttial  fires  in  buildings 
eeltiom  develop  maximum  temperatures  for  more  than  half  an 
hour. 

The  foregoing  testSj  however,  serve  to  emphasize  several 
points, —aome  of  which  were  touched  on  in  Chapt^T  Vll,  ^ 
which  are  vital  from  the  standpoint  of  minimum  damage,  or 
reconstruction. 

^'Full  ProlecMon^^  vs.  RcconiilrudiGn.  —  ^'Full  protection/*  as 
far  as  cliissification  is  cnncerncfl,  may  mean  /////  dtHlrnclinn  as 
far  as  reconstruction  is  concerned.  Thus  the  floor  describixl  in 
*'Hed  Book'^  No.  100^  while  passed  for  cla^ssih cation,  suffered  a 
permanent  deflection  of  5^^fi  inches.  The  iloor  had  satisfactorily 
fulfilled  its  protective  function,  hut  was  damaged  beyond  success- 
ful repair.  As  far  as  the  floor  itself  is  concerne<l,  such  a  result 
in  an  actual  building  would  mean  even  more  than  the  total  loss 
of  the  construction,  for  the  reason  that  it  would  have  to  be  torn 
out  and  built  anew*  Thus,  as  with  other  materials,  the  question 
of  succe>si4ful  recon.sl ruction  becomes  a  factor  to  be  rec^koncd  with 
and  in  reinforecd-concretc  work  this  factor  assumes  particular 
imjjortance. 

The  structural  integrity  of  reinforcod  concrete  depends  both 
upon  the  unbroken  continuity  of  the  concrete  and  the  perfect 
bond  or  adhesion  between  the  concrete  and  the  reinforcement. 
If  either  of  these  eontlitions  has  been  destroyed,  as  by  the  crack- 
ing or  serious  deflection  of  the  construction,  or  b^^  the  destruction 
or  dehydration  of  any  considerable  portion  of  the  soffit  material 
—  i.e.,  the  vital  proteclivo  covcrinii;,  —  aucitessful  repair  becomes 
practit^aliy  impossible.  This  is  due  to  the  difficulty  of  adequate 
onstruction,  for  even  though  the  structural  integrity  had  not 

en  sufficiently  impaired  to  require  entire  replacement,  the  ex- 
posure of  the  reinforcement  or  the  vitiation  of  the  protective 
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layer  would  require  making  goo  J  all  diimagtrd  material  to  de- 
velop capacity  to  withstand  a  second  attack  by  fire.  This 
cannot  easily  be  accomplished. 

An  adequate  bond  between  old  itnd  new  concrete  is  not 
attainable.  Simply  j>l!i«tering  tht*  n^iesing  material  on  to  the 
under  side  of  a  slab  is  but  a  partial  remedy,  for  the  next  fire  will 
speedily  strip  it  off,  h!preading  expanded  metal  under  the  dam- 
aged Hlab,  securing  it  by  nunrierous  ex|iansion  bolts  and  stifTcnin 
it  properly,  then  imbedding  it  in  cement  plaster,  wouki  be  praet 
cally  a  complete  remedy,  but  it  would  be  expensive  and  laboriovii  _ 
Wrapping  a  damaged  beam  or  girder  with  expanded  metal,  vvell 
secured,  and  covering  it  with  (*ernent,  piaster,  is  relatively  less 
expensive  and  would  be  an  adequate  restoration.  Even  when 
expanded  metal  is  used,  howeverj  if  the  bars  have  I>een  expoB 
or  nearly  exposc^d,  the  jKiwer  to  transmit  full  stress  into  the  con^ 
Crete  above  is  irrevocably  lost,  and  ttie  expanded  metal  and 
cement  cannot  restore  the  structural  integrity;  they  will,  at  the 
utmost,  only  restore  the  fire-resisting  qualities,* 

The  meanjs  wdiereby  the  strtictural  integrity  shall  he  amply 
prci^crvedj  and  whereby  the  resultant  damage  by  fire  shall  be 
confined  tu  surface  or  remedial  loss,  are,  therefore,  important,  and 
should  be  looked  upun  in  the  nature  of  itiHurance. 

Deflediofi.  —  The  British  Fire  Prevention  Committee*8  teste 
show  that  excessive  deflection  or  permanent  set  may  be  caused 
by  the  use  of  improper  aggregates,  or  by  insufficient  protect ion_ 
of  the  reinforcement-  Thus  ''Red  Books'^  Nos.  107  and  IG 
<lescribe  identical  constructions,  but  with  difTerent  aggregate 
The  gravel  aggregate  resulted  in  a  deflection  of  4|  inches;  the 
clinker  and  coke-breeze  concretes  gave  no  permanent  deflection 
The  tests  dci^cribtMJ  in  ''Rid  Books^^  Nos.  106  and  112  shoij 
\  hat  even  a  clinker  concrete,  when  of  insufficient  protective  thici 
news,  w  iU  result  in  an  excessive  permanent  set. 

Proiedion  of  ReinfoTcamenl^  — not  only  afTccts  the  lieflection," 
as  above,  but  also  f>rineipally  determines  the  practicability  and 
cost  of  recon.Htruction.  The  tests  before  quoteil  show  prett 
conchjsively  that  uslial  commercial  constructions  do  not  providi 
sufficient  soffit  protections,  and  I  hat  the  thicknesses  prescribe 
in  Chapter  VII  (see  page  249),  should  be  increased  rather  tha 
skimped. 

Reinforced  beams  and  girders  are  especially  susceptible 
injury  under  high  tem]>eratures.     The  rea^son  is  undoubtedly 

*  Captain  John  Stephen  Sewelt. 
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the  same  as  huB  beon  poinipil  out  in  coQiiCH?(ion  wii\i  fiiL'^h  rs. 
paneled  ceiiingi*.  The  testa  described  in  ''Red  Bookt^^*  Nois,  105, 
112  and  114,  all  showed  the  insuffieiency  of  the  protection  — 
usually  about  l]  inches  —  afforded  the  girder  reinforcement* 
The  need  of  interDal  wrappings  of  expanded  metal  at  the  soffits, 
or  other  mechanical  bond^  wan  indicated. 

The  insufficiency  of  a  2'iiich  phistcr  protection  wu8  sho\^Ti  in 
test  No.  KM). 

Aggregnltj^.  —  The  ti^ts  show  varying  results  with  the  same 
agiq-eKate,  but  in  i^enoral,  thej^  indicate  I  he  nnstiitability  of 
grave!  and  granite,  —  the  .suitability  of  clinker,  coke  breeze  and 
broken  brick  for  ordinary  conditions,  ^  and  the  fitness  of  blftst- 
furnacc  sing  for  rehable  restdts. 

Advantages  and  Df  sad  vantages  of  Concrete  Floors.  — 
The  advantages  incident  to  concrete  floor  construction  include: 

1*  Usual  lowest  cost,  except,  possibly,  in  the  immertiate 
vicinity  of  tile  factories.  Of  brick,  hollow-tile  or  concrete  tloors 
in  connection  with  a  framework  of  8tcK*l,  the  latter  combination 
will  generally  prove  the  cheapest. 

2.  Ihe  use  of  materials  which  do  not  have  to  be  made  to 
order,  but  whicli  are  readily  obtainable  in  all  locahtiea. 

3.  The  adaptabihty  of  concrete  to  irregular  framing,  as  in 
those  biiiidiiigss  which  muf^t  be  designetl  to  suit  irregular  lot 
lines. 

4.  Siiporior  beam  and  girder  protections,  as  previously  pointed 
out  IB  this  chapter. 

0.  Ease  of  making  floors  vvatrrproof  —  of  great  importance 
where  valuable  stocks  are  carried. 

6*  The  uniform  protection  of  aU  steelwork,  frame  or  rein- 
forcing, against  corrosion,  except,  possibly,  where  cinder  concrete 
is  used. 

7.  The  ease  of  reconstruction  after  fire,  unJeaa  the  damage 
has  been  severe. 

Disadvantages  include: 

1.  The  dependence  on  cruiditions  of  weather  during  building 
operations,  often  materially  increasing  the  time  tiocessary  for 
erection,  unless  temporary  closing  in  and  artificial  heat  are  used. 

2.  The  interference^  tluring  building  operations,  with  other 
branches  of  work,  owing  to  dripping. 

3.  The  slow  drying  out  of  concrete,  thus  delaying  the  placing 
of  t  rim  —  often  a  very  serious  item.      Much  trim  in  concrete 
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buildings  has  had  to  be  eztensiyely  r^Mured  or  entirdy  replaced, 
because  put  in  befcnre  the  building  was  thoroughly  dry. 

4.  Increased  wei|^t  in  long-span  construction  —  often  much 
greater  than  for  long-span  tile  systems. 

5.  Difficulty  of  reconstruction  in  case  of  serious  fire  damage, 
as  entire  bays  often  have  to  be  replaced. 


COMSmATION  TERBA-COTTA  AM©  CONCRETE 
FLOOR!^. 

Combination  floors  of  hollow  tilf^  ami  reinforced  eoturrete  have 
been  tUK^ceiw fully  used  in  many  instances,  and  it  is  not  improbable 
that  the  i^reatest  possibilities  for  future  improvement  in  floor 
construction  may  lie  in  this  direction. 

The  recommendatioti^  of  thin  type  of  floor  comprise: 

(a)  The  applicabihty  of  the  system  to  either  reinforced  con- 
crete construction  or  to  .steel  skeleton  construction. 

(b)  The  reduction  in  weight  attonciant  upon  ttie  use  of  hollow 
tile  ftUeris,  whereby  a  combination  floor  of  adequate  depth  and 
rigidity  may  b(^  secured  at  leas  weight  than  where  an  all-eoncrete 
construction  is  used;   and 

(e)  8in)|)licit,y  of  i^rection  and  low  cost  of  centering. 

National  Fire  Prooflng  Company's  Coinblnatlan  Floor.  — 
An  isometric  view  of  this  construction  is  shown  in  Fig.  247,  A 
fiat  eentfuing  in  first  provided,  but,  as  the  hollow-tile  blocks  are 
12  inches  wide,  it  is  only  necessary  to  support  these  along  their 
edges.  Hence  the  centering  is  made  of  about  8-inch  planks  laid 
about  8  inches  apart,  as  show^n  in  Fig.  247.  This  arrangement 
effects  a  considerable  saving  in  the  cost  of  cen  tering.  Continuous 
courses  of  end-construction  blocks  are  then  laid  with  4-inch  open 
trouglis  or  spaces  between,  in  which  are  placed  reinforcing  rods. 
Concrete  Is  then  poured  between  the  courses  of  tile  which  thus 
act  as  side  centering  to  hold  the  concrete  in  place  until  it  htis  set. 
An  additional  top  layer  of  concrete  is  iLsually  added  over  the 
entire  surface,  to  give  the  required  strength  for  long  spans. 

Fig.  248  .shows  the  combination  floors  ii.sed  in  the  skeleton- 
construction  Berkeley  Building^  Boston,  Codman  and  Deapra- 
delle,  architects.     Spans  wtTC  employed  up  to  24  feet. 

Fig.  249  illustrates  the  15-foot  bays  iisc<l  in  the  Keany  Square 
Trust  Building,  Boston,  in  combination  with  n'inforeed -concrete 
columns  and  girders.     A  load  test  made  in  that  building  resulted 
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in  the  carrying  of  a  loatl  of  520  pDunfls  \)vr  sfiuarc  foot  over  an 
area  of  65  square  feet,  witlioul  dcAwtinTi. 
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Fin.   248,  —  nombinntifin   Flnor.n  at*  uiw^d  tci   Berkeley  BuiKling,  Bo»tau. 


A  simiiar  combination  floor  useii  in  connection  with  reinforccil- 
roncrete  girdors  and  eolumn.s  wai^  pm|iloyo<I  in  the  new  Marl- 
bonmgli- Blenheim  Hotel  at  Atlantic  City,  N.  J,,  for  a  desrription 
of  whieh,  see  Engineering  Navs^  Miireh  S,  190G. 
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Fig.    349.  —  Combination    Floora   and   Reinforced   Concrete  Girders,   Keany 
SJqiian?  Truat  BIdB.,  Boston* 
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The  weights  per  square  foot  and  safe  live  loads  for  varying 
spans  and  constructions,  as  used  by  the  National  Fire  Proofing 
Comiiany,  are  as  follows: 
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Fig.  250  shows  a  combination  floor  of  the  above  type,  with 
the  soffits  of  the  concrete  joists  protected  by  means  of  soffit  tile 
of  special  pattern. 


Fig.  250.  —  Combination  Floor,  Concrete  Joists  protected  by  Soffit  Tile. 

Combination  Floors  with  Plaster-bloclc  Fillers.  —  A  long- 
span  floor  system  made  of  a  combination  of  reinforced  concrete 
and  plaster-block  fillers  is  described  by  Mr.  Emile  G.  Perrot  in 
the  "  1910  Proceedings  of  the  National  Association  of  Cement 
Users."  The  floors  in  question  were  built  for  the  Philadelphia 
Turngemeinde  Club  House,  of  53  feet  1|  inches  clear  span.  In 
brief,  the  construction  consists  of  reinforced-concrete  T-girders, 
placed  13  feet  9  inches  centers,  spanning  from  wall  to  wall,  be- 
tween which  the  floor  panels  are  made  of  5-inch  by  12-inch  rein- 
forced-concrete  joists  alternating  with  fillers  or  centers  made  of 
12-inch  by  12-inch  plaster  blocks  in  sections  3  feet  long.  A 
2-inch  reinforced-concrete  slab  covers  the  entire  area. 

Combination  Floor  Used  In  War  College  Building,  Wash- 
ington, D.  C.  —  The  combination  hollow-tile  and  concrete  floor 
designed  by  Captain  John  S.  Sewell  for  use  in  the  War  College 
Building  at  Washington,  D.  C,  is  illustrated  in  P^ig.  251.  Re- 
garding this  construction  Captain  Sewell  states  as  follows:* 

This  floor  is  50  per  cent,  deeper  than  a  reinforced  slab 
would  have  been.  The  patented  bar  shown  is  not  entirely  satis- 
factory, in  either  the  shape  of  its  cross-section  or  in  the  distri- 
bution of  web  members.  These  are  rigidly  attached,  however, 
and  the  bar  gives  results  much  better  than  any  attainable  before 
its  introduction.  This  floor  was  made  with  a  view  to  resisting 
fire  without  other  damage  than  the  loss  of  ordinary  plaster  from 
the  ceiling;  therein  it  difi'ers  materially  from  commercial  stand- 
ards. But  the  type  can  be  made  as  light  as  the  flimsiest  of  hol- 
low-tile arches.  For  a  given  degree  of  structural  strength  and 
fire-resisting  qualities  the  writer  believes  it  to  be  the  cheapest 
floor  available  at  the  present  time.  .  .  . 

*  See  "The  Fire-Reaisting  Qualities  of  Reinforced  Concrete,"  Insuranu 
Engineering,  \o\,  X,  p.  509, 
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The  iilcs  in  this  type  of  fliwr  art^  ftf't  knise  upon  thv  f'€'nter- 
ing  hrfori!  tlif  (UiiHU'ete  is  placed;  the  jointa  are  impc?rfct^i  ly  fillod, 
wliich  in  an  advuntiige,  since  the  filoti  have  no  stnictura]  diit^^  to 
perform,  and  nvv  freer  to  expand  when  heated,  so  they  are  nut 
BO  hkely  to  lose  their  exposed  webs  lis  when  they  are  built  into 
flat  arches. 
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LOKGiTUDINAU  SECTION  THROUGH  CONCRETE  JOIST 

Fio»  251.  —  Combination  Floor  as  used  ia  War  CoUege  Builiiing, 
Waahin^on,  D,  C. 


Fire  Tests  and  Efflelency  of  Combination  Floor  Systems. 

— -  The  few  firc^  tt'sls  oT  cninhiiiul  ion  floors  which  havc^  been  inadfr 
have  been  purely  experimental  and  not  uetuaL  The  author  is 
not  aware  that  any  such  system  hn^  ever  been  subjected  to  a 

I  fire  and  water  test,  of  any  ricn'crity  by  the  burning  of  a  building. 
^'Rrd  Book'*  Nfi.  103  of  the  Britiwli  Fire  Prevention  Committee 
describes  a  test  made  on  n  combination  iloor  somewhat  similar 
to  that  shown  in  Fig.  249,  except  that  the  ( erra-cotta  blocks  were 
s(juare  in  cross-seclioii,  6  inches  by  6  inches,  with  one  void  or 
cell  each.     The  total  thicknetss  of  the  floor  was  BJ  inches,  the 

\  concrete  joints  being  reinforced  with  n-ineh  diameter  rods.  The 
coni*truction  obtained  classification  '^Fiill  Protect  ion,  A,"  but 
the  application  of  water  washed  off  much  of  the  Hof!it  piaj^tering, 
and  exposed  some  of  t  he  reinforcing  rods.  Neither  fire  nor  water 
passed  tltrough  the  floor,  although  a  permanent  set  of  3  inches 

I  resulted. 

The  remarkable  fire  and  load  Icsts  developed  by  fhfi  *'Armo- 

f^irete"  system  (see  page  617)j  indicate  that  combination  floors 
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of  a  type  similar  to  those  shown  in  Figs.  250  and  251,  wherein 
tile  fillers  are  used  and  the  conen*te  iolMs  are  proteclod  by  terra- 
cotta soffit  tile,  should  possess  even  greater  fire-resistance.  M 
to  the  fire-resisting  possibilitiejs  of  the  combination  construction 
shown  in  Vig.  251^  and  the  great  improvements  which  may  y 
be  made  along  such  lines,  Captain  Sewell  states  sus  follows^:* 

Teats  recently  made  of  a  pattern  of  tile  used  at  the  Wb 
College  indicate  that  floor  tile  subjeefed  to  a  fire  test  will  stand' 
hetter  if  there  is  hut  one  interior  hole  through  the  tiles,  all  of  the 
materia!   which  would  otherwise  l>e   used   in   the  interior   wehsi 
being  concentrated  in  the  outer  wel>s^  antl  the  opening  in  thej 
tile  l)eing  of  circular  or  elliptical  shape,  depending  on  the  height 
and  width  of  the  tile.     For  floor  arelies  between  steel  bea 
such  a  tile  as  this  one  would  have  to  l>e  used  on  the  end-construc-i 
tinn  plan,     A  specially  heavy  Hkewback  should  he  designed  to 
go  with  it,  or  else  the  end  tile  should  be  cut  to  fit  the  profiles  of 
the   beam.      The  tile  themselves   l)eing  so   heavy,    the   latter 
method  of  obtaining  a  skewback  would  probably  make  the  arch 
more  than  strong  enough  to  carry  its  load,  and  w*here  carefully 
done,  miglit  afford  adequate  fire  protection  to  the  beams,  al- 
though for  that  purpose  a  specially  designed  extra  hea^'y  side- . 
construction  skewback  would  be  better,  and  should  on  the  wholo 
be  recommended  even  in  connection  with  the  heavy  end-eon-^ 
stnjction  arche.s  described. 

It  is  probable  that  either  a  good  concrete  floor  with  the  righf! 
kind  of  ceiling  below  it,  or  a  hea\y  tile  floor  such  us  that  herein 
described,  would  come  through  almost  any  fire  with  no  damage 
except  the  loss  of  the  ceiling  plaster.  These  two  types  may* ' 
therefore,  be  taken  as  equivalent  in  eihcieney ;  they  will  probably 
be  about  equal,  also  in  first  cost. 


*  United  States  Geological  Survey  Bulietiu  No,  321,  page  121. 


CHAPTER  XX. 
WALL   COJfSTRUCTION* 

Types  of  Eiterior  Walls.  —  Exterior  walla  for  fire-resistmg 
buildingg  may  be  either  load-supporting,  aelf-aupporting^  or 
veneer,  —  that  is,  dependent  for  support  upon  a  steel  framework. 

Load-supporlinfj  Wiills.  —  Before  Ibe  intn»cluction  of  steel- 
Bkeleton  etjiistmction,  exterior  walls  were  generally  bnilt  of  solid 
masonry,  and  were  designed  to  {^arry  their  proper  wail-,  floor-  and 
roof-loads  without  tho  aid  of  metal  tsoluran.^.  Thit^  still  eonsti- 
lulC8  the  ordinary  practiec  in  buildings  with  brick  or  stone  walla 
of  moderate  height,  whether  of  fi re-resisting  or  n(jn-firc-rcsiBting 
construction.  Eight  or  ten  stories  is  the  usual  maximum  height 
for  load-supporling  weiUs,  as  above  this  height  the  piers  become 
heavy,  adding  materially  to  the  foundation  weights,  while  their 
bulk  consumes  too  much  floor  area,  and  reduces  the  size  of  the 
openings  required  Ijy  present  practice  for  aniple  light  ^^nd  air. 

In  addition  to  the  data  given  in  this  chapter,  aee  also  (Ihapler 
XXIV  for  walls  of  residences,  tind  Chapters  IV  and  XXV  for 
w^alls  in  milts,  warehouses,  factories,  etc. 

ISelf-.supporling  Walls.  —  Self-supporting  exterior  walls  were 
employed  in  the  earlier  exampk^  of  skeleton-construction  build* 
inga.  Such  walls  sen-'ed  to  carry  their  own  weight  only,  w^hile 
all  floor-  and  roof-loads  were  supported  on  metal  columns  placed 
within  the  walls.  Self-supporting  walls  have  been  employed  in 
some  cases  to  a  height  as  great  as  sixteen  stories,  and  their  use 
is  still  common  in  buildings  of  from  eight  to  twelve  stories;  but 
the  objections  of  weight  and  bulk  attendant  upfjn  their  use  in- 
creiise  rapidly  with  the  height. 

Veneer  or  fhirlain  Walls^  entirely  dependent  for  support  upon 
the  steel  frame,  have  made  possible  the  design  and  eonstnictioii 
of  the  highest  buildings  now  erected.  The  masonry  wall,  which 
has  usually  been  the  most  important  factor  in  budding  con- 
structionj  now  become,s  but  a  veneer,  serving  as  an  architectural 

■  envelope,  and  as  a  protective  covering  against  weaiheri  corrosion 
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and  fire.  The  walls  are  supporie<l  oa  the  steelwork  at  each 
floor  level,  thus  mitkmg  a  series  of  walls,  each  a  single  story  in 
height,  Tim  method  resullB  in  a  very  material  saving  of  floor 
area  and  weight,  due  to  the  reduced  thickness  of  the  walls. 

Veneer  walls  are  not  suitable,  from  a  fire-resisting  stand poiii 
for  use  in  such  buildings  as  stores,  warehouses  or  manufactories 
!is  veneer  construction  is  not  ordinarily  heavy  enough  cither  to* 
resist  serious  damage  by  lire  or  to  confine  fire  resulting  from  the 
combustion  of  large  quantitii^s  of  merchandi,se* 

Self-supporting  ts.  Veneer  Walls..  —  The  Baltimore  and 
San  ["rancisco  conflagrations  both  show  conclusively  that  self- 
supporting  masonry  walls  suffer  less  from  fire  damage  than  do 
veneer  or  curtain  walls  iis  ordinarily  built. 

The  self-supporting  brick  walls  built  up  from  the  founda 
tions  were  structurally  in  good  condition,  except  some  minor 
cracking  over  door  and  window  lintels.  iSuch  walls,  when  sub- 
stantially constructed,  seem  to  l>e  superior  to  curtaiu  wallfl 
carried  on  the  steel  frames,* 


Captain  Sewell,  in  his  report  to  the  Chief  of  Engineers^  U.  S. 
discusses  the  reasons  for  the  superiority  of  self-aupporting  walla 
as  follows: 

I  believe  that  better  resuUs  would  be  obtained  by  building 
the  exterior  waUs  continuously  from  the  foundation  uj>,  anchor- 
ing them  carefully  to  the  steed  frame  to  prevent  buckung.  The 
beams  carrying  the  walls  are  often  so  near  the  surface,  especially 
where  they  act  as  lintels,  that  in  a  kjng-con tinned  fire  they  get 
hot  cnoTitgh  to  expand  and  bend;  this  will  wreck  the  ivall,  if 
nothuig  else  does.  If  the  weight  of  brickwork  is  assumed  at  125 
[>oun<l>i  per  cubic  foot,  and  its  safe-working  load  at  20  tons  per 
square  foot,  a  wall  of  uniform  thickness  and  320  feet  high  will  be 
safe  under  its  own  weight,  so  far  as  crushing  is  concerne{l.  With 
a  very  moderate  increase  in  thickness  near  the  bottom,  and 
thorough  anchorage  to  the  steel  frame  at  all  point^s,  a  self-support- 
ing brick  wall  is  entirely  practicable  for  any  steel-frimie  building. 
Its  only  drawback  is  the  time  required  to  Ijuild  it,  for  it  could 
not  be  started  on  a  number  of  levels  at  the  same  time.  This, 
however,  would  probably  result  in  better  work.  The  modem 
building,  erected  in  record-breaking  time,  is  never  a  model  of 
workmanship,  and  often  it  contains  defects  that  reduce  the  fac 
of  safety  almost  to  unity.  The  standard  of  work  that  prev; 
in  these  hastily  erected  structures  woulrJ  not  be  tolerated  for 
moment  in  general  engineering  works. 


*  Report  of  the  National  Fire  Proleetioii  x-lssociHtJoa  Committee  on  Batti- 
wore  CoDSagr8.tion. 


I  of 


WALL   CONSTRUCTION 


But  from  l.he  Hiamlpoint  of  rpf^on.strurliori,   the  ust^  i>f  (he 
skeleton  type  of  building  with  veniMn'  walls  m  to  be  preft^rred, 
protrided  the  walls  are  made  of  materials  of  a  character  and  thick- 
yBess  uflefjuate  to  protect  the  steel  frame. 

B  In  both  load-:?upportinR  and  self-supporting  walls,  the  damage 
of  portions  by  lire  may  mean  the  attendant  removal  of  large  areas 
of  uninjured  wall  at  the  time  of  rew.ms true t ion,  wdule  tlieir  load- 
bearing  capacity  in  the  formur  type  renders  them  more  liable  tr> 
failure.  In  kmd-supporling  wall*,  the  bracing  necessfu-y  to 
prevent  coUaiise  is  very  important,  as  failure  of  the  walls  would 
mean  j^reiit  dama|i;e  to  other  por(ions  of  the  structure. 

With  venei^r  walls,  parts  damaged  by  fire  jnay  he  reraovefi 
and  rei?tore<l  with  faeiUty,  as  the  method  of  construction  allows 
the  walls  to  be  rea<dily  replaced  for  onlj^  such  stories  or  i^ortiont* 
of  stories  as  receive  injury. 

Materials.  —  The  materials  used  for  exterior  walls  should 
preferably  be  brick,  terra-cotta,  or  concrete,  thoujjh  iron  or  steel 
and  stone  are  also  extensively  employed.  The  hre-rc^sisting 
qualities  of  these  materials  have  been  tliscussfnl  at,  length  in 
Chapter  VII.  In  designing  and  detailing  exterior  wallw,  the 
following  points  should  be  f^on.sidered: 

Ironwork.  —  Ornamental  ironwork  is  frequently  employtKli 
especially  for  store  fronts  and  entrances,  where  caat-iron  pilasters, 
facias,  sills,  panels,  etCj  are  required  by  tlie  design.  A  very 
common  detail  is  to  make  store  fronts  run  up  through  two  stories, 
with  paneled  or  ornamented  cast-iron  pilasters  covering  the 
piers,  a  deep  facia  or  cornice  at  the  third  floor  level,  anrl  panels 
at  the  second  floor  level  between  the  piers*  For  such  purposes, 
cast-iron  is  much  to  be  preferred,  as  cast  metal  will  retain  its 
t^hape  and  position  far  better  than  thin  plates  of  wTought-iron 
or  steel.  In  such  constructions,  an  efficient  fire-resisting  backing 
must  be  used  to  protect  any  structural  steel  meml)ers  behind 
the  facings,  in  case  the  latter  should  fail,  and  to  prevent  the 
penetration  of  high  temperatures.  Rw|uiremcnts  of  this  nature 
are  frequently  called  for  in  local  bitilding  ordinances. 

Regarding  exterior  cast-iron  work,  etc.,  see  also  paragraph 
*' Improper  Enclosing  Walls,'*  Chapter  XV,  page  507,  and  para- 
graphs '*  Lintels  '  and  ''Mulhons--  in  this  chapter. 

Stone.  —  Thin  elabs  of  niarble,  limestone,  or  granite  should 
never  be  relied  upon  to  form  a  protection  of  steelwork  against 
fire.     Four-inch  or  five-inch  slabs,  such  a;^  are  often  used,  form 
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vtTy  linlr  pr(i(oehnn,  and  oven  where  the  fatting  is  made  of  a 
greater  thickneas^  it  should  be  backed  up  wilii  brickwork  or  terra- 
cotta, 80  as  to  protect  eflieitmtly  the  slructural  steel  in  case  the 
stone  venpor  jb  dcslroyefl.  Thf!  8tipport  of  .such  fire-resist ing 
backing  should  be  arranged  so  aa  to  be  entirely  independent  of 
the  facing,  so  that  the  destruction  of  the  latter  would  not  cai 
the  failure  of  the  protective  covering. 

If  limestonf'j  niarblr,  or  grfiiiite  is  u.seil  f^jr  the  exterior,  the 
de.^ign  should  be  such  tliat  the  strength  of  the  structure  dcjes  not 
rely  upon  such  rnawonry,  unless  used  in  suhstant  ial  mass.  Even 
BO,  F*ig.  43  illustrates  the  danger  attendant  upon  the  ust^of  granite 
in  columrif^  u.s  largo  jis  four  Btjuare  feet  area. 

Many  fires  have  caused  great  damage  to  limnstone,  marl: 
and  granite  fa^^ades,  as  in  the  Chicago  Athletic  Club  Buildi 
the  Flmne  Life  Building,  and  very  many  olhcT  structures  ii 
Baltimore,  San  Francisco,  etc.  Fig.  37  illustrates  the  conditiim 
of  the  first  story  granite  walls  of  the  Baltimore  and  Ohio  Railroad 
Company's  Building  after  the  Baltimore  fire,  and  Fig.  30  shows 
a  marble  column  in  the  entrance  rotunda  of  the  Calvert  Buildii 
after  the  same  fire.  Such  experiences  point  to  the  desirabilii 
of  employing  the  pure  skeleton  construction  if  the  use  of  stone  k 
introduced  to  secure  arcliiiootural  effects.  The  stonework  would 
then  be  free  from  any  load-carrying  functions,  and  the  walla 
would  be  divided  story  by  story.  Damaged  material  could  be 
replaced  wilhoiit  disturbing  unafTected  areas. 

Stone  templates  and  bond  itlones  should  not  be  employctl  in 
masonry  walls.  Cast-iron  bearing  plates  or  levelers  are  far 
preferable.  Captain  Be  we  11  found  in  his  examination  of  tl 
San  Francisco  City  Hall  aft-er  the  San  Francisco  conflagration 
that 

A  number  of  girders  or  lintels  rested  upon  stone  t-emplates 
which  were  cxposcti  at  the  face  of  the  walL  All  such  tfmiplat4*8 
that  were  subjecfced  to  heat  were  badly  sp ailed  and  shattered 
and  one  or  two  of  tliern  hfwl  failed  stifficiently  to  pormit  the  ends 
of  the  girders  to  settle  an  inch  or  more.* 

Stone  of  any  kind  should  be  classed  as  fragile  and  espeeiaU 
susceptible  to  datmige  when  exposed  to  severe  heat.     From 
fire  protection  view^point  it  is  unsuitable  both  for  wall  antl  pil 
con.'struetion  and  for  exterior  or  interior  finish. f 

*  United  States  Geological  Rur\'cy,  Rullfslin  N't),  324,  rmge  88, 
t  Report  of  Natloni],!  Fire  Proteeliou  Aesociatioa  Committee  on  Bttltimai 
Fire. 


Brickwork.  —  Unless  the  conBtmction  is  of  reinforced  con- 
crple,  brick  masonry  is  usually  employed  for  the  body  of  the 
exterior  walls,  Tlu^'  slioiild  be  of  ^uffirioiit  lliirkness  and  rigid- 
ity, and  built  of  tho  hoKt  materials.  See  Chapter  VIT  and  later 
paragraphn  ''Thickness"  and  ''Anchorage/'  etc.,  in  this  chapter. 

Four  inches,  or  a  single  thickness  of  brick,  is  Bometimes  eon- 
eidered  an  efticicnl  eovering  for  steel  menibert*,  but  8  inches  is 
much  to  be  preferred  as  a  minimum,  both  on  account  of  fire- 
resistance  ami  protection  against  corrosion.  Cement  mortar 
should  always  be  used  in  the  bet*t  classes  of  work,  especially 
where  it  comet!  in  contact  W'ith  steelwork. 

To  insure  a  minimnra  damage  by  fire,  the  use  of  plain  surfaces 
and  rounded  corners  at  salient  angles  is  preferable. 

Ornamental  Terra-€otta  is  very  exteuBively  employed  in 
exterior  wall  construction,  either  for  ornamental  p<jrtions  only, 
or  even  for  entire  facades.  Where  a  combination  of  brick  and 
lerra-cotta  is  used,  the  latter  material  is  generally  employed  for 
belt  courses,  friezes,  sills,  lintels  and  jambs  in  the  main  waU 
surfaces,  and  very  often  for  cornices,  pediments,  or  balconies 
which  project  beyond  the  building  lines. 

It  hiui  been  shown  in  Chapter  VII  (see  page  227)  that  the  be- 
havior of  ornamental  terra-cotta  in  both  the  Baltimore  and  San 
Francisco  cont3agrations  was  decidetlly  disappointing,  due  prin- 
cipally to  its  improper  use.  Heretofore,  ornamenlal  terra-cotta 
has  largely  been  nsc^,  in  both  design  and  construction,  as  a 
mere  ornamental  covering  for  steel  membersj  or,  conversely,  its 
manufacture  and  use  have  both  been  such  as  generally  to  require 
interior  steel  supiwrt ing  members  for  many  of  those  features  of 
wall  constniclion  commonly  made  of  terra-cotta,  thus  ignoring 
its  selJ-RUJilaining  qualities^  if  rightly  made  and  used.  ThuB, 
sJlla,  Untels,  muUions  and  cornices^  when  made  of  ornamental 
terra-cotta,  are,  in  a  great  majority  of  case,s,  absolutely  dependent 
for  .support  upon  spandrel  or  wall  members  of  steel,  which,  owing 
to  inaiieciuate  tldckness  and  jointing  of  the  nifusonry,  expand 
with  disuslrous  results  to  their  coverings.  Such  failures  of 
terra-cotta  are  more  fully  discussed  in  the  later  paragraphs 
'* Spandrels/'  ^'Mullions,''  and  '* Cornices." 

From  a  firc^protection  viewpoint,  therefore,  ornamental  terra- 
cotta should  be  made  heavier,  say  1  J  inches  to  2  inches  minimum 
thickness,  so  thai  it  may  carry  both  its  own  weight  and  lis  share 
of  the  wall  load. 
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That  the  material  may  be  manufiictiired  strong  enough  fo 
permit  of  such  use,  18  shown  by  the  following  data  as  to  the 
strength  of  ornaincntal  torra-r-utta,  given  by  Mr.  Kidder  in  hia 
"Architects'  and  Budders'  Pocket  Book,"* 


Terrs-coita  blcwk,  2-inch  square,  red.. 
Term-ct>ttii  block,  2-iJieb  aqlltt^o^  buff 
TeiTJi-cotUi  lilfjek,  ll-inth  ?u|uare,  (fray 


Cruahiag  Cruahing 

weight  per         w«ii^hit  per 
(."iihic  inch.     ,     tiibic  foot. 


Lba. 

6236 
512a 


From  those  n^suH.H,  the  writer  would  place  the  safe  work- 
ing strength  of  ternt-cotta  blocks  in  the  wall  at  5  tons  per  square 
foot  when  utijilltd,  and  10  tons  per  square  foot  when  filled  soti/i 
with  brickwork  or  concrete. 

A  cornice  mochllion  made  Ijy  the  Northwestern  Terra- 
Cotta  Company,  11 5  inches  high  at  the  wall  line,  8  inches  wide 
on  face,  with  a  projection  of  2  fef^t,  was  built  into  a  wall  and  the 
upper  surface  loaded  with  pig  iron  to  the  extent  of  two  tons 
without  effect. 


The  blocks  should  invariably  be  backed  up  with  brick  masonry^ 
and  in  all  po8!*ible  caHCs  the  hollow  faces  in  the  rear  of  the  bloeka 
should  be  well  filled  with  mortar,  into  which  bricks  or  parts  of 
bricks  should  be  worked  to  make  the  masonry  as  solid  as  possible. 
Tlie  brick  backing  should  he  anchored  to  the  steel  frame,  either 
by  hooking  rods  or  anchors  over  jxjrtions  of  the  frame,  or  by 
passing  anchors  through  holes  punched  in  the  frame  for  that  pur- 
pose. In  many  constructions  the  individual  terra-cott^  blocks 
must  be  anchored  to  the  brick  backing  or  to  tlie  steel  frame  direct, 
Tlic  tcrra-cotta  is  ustially  built  up  in  advance  of  the  backing,  one 
course  at  a  time.  Usual  exanqylcs  of  fastening  the  terra-cot ta 
and  backing  arc  given  in  following  paragraphs  describing  "Span* 
drels''  ami  *HJurnices,"  etc. 

After  setting,  the  joints  should  be  raked  out  to  a  depth  of 
I  inch  and  pointetl  with  Porthmd  cement,  colorcfl  to  suit  the 
shade  of  terra-cotta  cniployetl. 

Structural  Terra-rritta  Walls  are  buflt  of  two  distinct  types, 
—  those  without  other  surfaci*   Hni.sh,   and   those  intended 
receive  a  finishing  surface  of  some  other  material. 

*  Pa«e  230.  1J*U»  Edition, 


For  the  former  type,  the  material  must  be  dense  enough  or  so 
glazed  as  to  be  impervious  to  moisture,  hence  the  tile  used  are 
either  —  (a)  dense  or  hard-burned,  (b)  salt-Klazefl  vitrified,  or 
{t")  a  combination  of  the^e  two. 

That  tile  walls  of  this  character  may  carry  very  considerable 
loads  is  shown  by  tests  made  by  Prof.  Woolson  (1907)  on  ten 
blocks  of  the  deiune,  vitrified  type  inumifactured  by  the  Nationtil 
Fire  Proofing  Company,  Each  block  was  S  inches  by  16  ineliea 
in  bed  area,  8  inche^i  high,  smooth  on  all  facets,  webs  about  IJ 
inches  tliick,  with  two  holers.  The  average  maximum  load  on 
each  block  wiis  346,171  pounds^  or  an  iiverage  load  per  square 
inch  of  material  of  5820  pounds. 

Finijihod  tile  walk  may  often  be  used  to  advantage,  either 
load-bearing,  for  moderate  heights  and  loads,  or  a,s  veneer  walls, 
carried  on  steelwork. 

An  example  of  the  former  use  is  ilhjKt  rated  in  the  Amelia 
Apartments,   Akron,   Ohio,   Charles  Henry  &  Son,   architects* 
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Fio.  252.  —  Detail  of  lli>ijuu  TiJ<^  KkUxji^r  Uall.^^  AmeJia  Apartments, 
Akron,  Ohio. 

Thi«  five-story  and  basement  building*  was  constructed  through- 
out  of  hard-burned  vitrified  tile.  The  exterior  wall^  were  made 
of  outer  8-inch  and  inner  4-inch  tile,  the  outer  bfin^  laid  up  in 
regular  eonrse.s  6  inches  deep,  with  alternate  header  and  stretcher 
courses,  forming  a  "  Plemish "  bond  (seM  Ifg.  252)*     The  box 


♦  See  Fireproof  Maoasint\  Jiiiy,  1903. 
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frames  at  all  operungs  werf^  recesHecl  into  BpocjiUIy  formod  jamb 
tile,  while  the  belt  courses  at  eai^h  story  at  window  levc-ls  acted 
also  as  window  Hill^s,  both  as  shown 
in  P%.  253, 

An  example  of  tile  veneer  con- 
st nieti  on  walls  is  the  Wisconsin 
Central  Railway  Company's  freight 
house  at  Chit-ago,  wherein  a  combi- 
nation of  dense  and  .salt-glazed  tile 
was  u.H<'d^  carried  on  steel  girders^ 
and  surrounding  steel  eolunms.  For 
details  of  same  see  Firej/roof  Maga- 
zine, August,  1903. 

Tile  walls  as  described  above  are 
only  suitable  for  use  in  build inp 
which  contain  no  gieat  amount  of 
combustible  material,  or  which  pre- 
sent no  severe  cxijosure  hazard.  It 
has  been  pointed  out  in  Chapter  VII 
that  hard-burned  tile  is  particularly 
suBtreplibk'  to  damage  by  fire*  and  at 
least  two  well-known  fires  hai 
of    this    statement    aa    applied 
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Fto.  253,  —  Detail  of  Window 
Jambs  and  Bilb,  AmeEia 
Apartmenta,  Akron.  Obia. 
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demonstrated    the 

wall  construction.  The  first  was  the  Schiller  Theater  fire 
Chicago,  where  a  6-inch  vitrified  tile  wall  was  seriously  diimagfd 
by  the  burning  of  an  ortlinary  construction  building,  distani  30 
feet.  The  second  was  the  burning  of  the  Di-troit  Opera  Hou^e, 
1897j  which  dei^troye:!  hu*ge  p)ortinns  of  the  hard-tde  walls  of  the 
adjoudng  ten-story  Leonard  Building. 

For  the  second  type  of  tile  wail-construction,  viz.^  tile  to  be 
finished  by  some  other  material,  ordinary  ponius  or  semi-porous 
stock  may  be  used,  finished  with  plaster^  pebble-dash,  etc. 

Tests  made  by  Professor  Woolson  on  semi-porous  blocks  made 
by  the  National  P'ire  Proofing  Company,  8  inches  by  12  inches 
in  bed  area,  12  inches  high,  6  holes,  webs  about  |  incli  thick,  sides 
scored  to  receive  [daj^ter  or  stucco,  showed  the  average  maximum 
load  on  each  block  to  be  137,7tX>  pounds,  or  nn  average  of  3292 
pounds  per  square  inch  of  material  tested.  From  these  tests  the 
National  Fire  Proofing  Company  has  prepared  the  following  table 
of  ultimate  loads  for  varying  thicknesties  of 
walls: 


a.  I. 

II 


A  semi-porous  t3^J 
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ULTIMATE  LOAD  IN  POUNDS  PER  LINEAL  FOOT  OF  WALL  — 
TILE  SET  WITH  WEBS  VERTICAL. 


SizeoftUe. 

Width  of 

wall  1  tile 

thick. 

Ultimate  load 
per  lineal  foot 
of  wall,  pounds. 

Width  of  wall 
2  tiles  thick. 

Ultimate  load 
per  lineal  foot 
of  wall,  pounds. 

Inches. 
4X12X12 
5X12X12 
6X12X12 
7X12X12 
8X12X12 

Inches. 
4 
5 
6 

7 
8 

79,008 

85,592 

102,052 

108,636 

121,804 

Inches. 
8 
10 
12 
14 
16 

158,016 
171,184 
204,104 
217,272 
243,608 

A  well-known  example  of  the  use  of  such  walls  is  in  the  Marl- 
borough-Blenheim  Hotel  Annex,  Atlantic  City,  N.  J.,  where  the 
walls  for  all  stories,  save  the  first,  are  of  hollow  tile,  carried  on 
concrete  girders  at  the  floor  levels.  The  inner  and  outer  surfaces 
of  the  tile  are  scored  to  receive  the  inside  plaster  and  an  outside 
finisfi  of  a  pebble-dash  coat  of  1  :  1  cement  mortar. 

Further  information  regarding  terra-cotta  wall  construction, 
particularly  as  applied  to  residences,  is  given  in  Chapter  XXIV. 

Concrete  Walls  may  be  made  solid,  of  a  single  thickness,  or 
double,  with  air-space  between.  Both  constructions  p>ossess 
superior  fire-resisting  qualities,  and  both  are  cheaper  than  equiva- 
lent walls  of  brick  masonry. 

Solid  Concrete  Walls  are  more  commonly  used  than  hollow 
walls,  and  when  properly  built  of  a  thickness  not  less  than  6 
inches,  will  generally  prove  sufficiently  impervious  to  moisture 
to  warrant  their  use  in  factories,  etc. 

In  waUs  6  inches  thick  or  under,  small  vertical  reinforcing  rods, 
about  1-inch  diameter,  are  usually  placed  18  to  24  inches  centers. 
This  is  to  increase  the  strength,  and  particularly  to  reinforce  the 
construction  during  pouring  and  setting.  A  6-inch  solid  concrete 
Wall  is  cheaper  than  an  8-inch  brick  wall,  and  usually  cheaper 
than  a  4-inch  concrete  wall,  owing  to  the  greater  ease  of  pouring 
the  concrete  and  placing  the  reinforcing  steel  in  position. 

If  Portland  cement  concrete  could  be  laid  in  thin  walls  as 
cheaply  as  in  mass  work  it  would  be  one  of  the  most  inexpensive 
materials  for  permanent  construction.  As  a  matter  of  fact,  an 
experienced  contractor  can  build  a  6-inch  wall  of  concrete  which 
will  be  stronger,  more  durable,  and  no  more  expensive  than  a 
12-inch  wall  of  brick.     The  chief  cost  in  concrete  wall  construe- 
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ticm  m  in  thc^  ]ul>or  of  huikliii^  and  raisiji^  ihv.  formtj  imd  of  hull 
ing  the  concrete,* 

111  faclorios,  etc;.,  iht  wails  arc  sometimes  earriod  up  with  the 
columnt>^  but  mon^  frequently,  especially  where  large  window 
areas  occur,  it  is  more  e'sonomical  to  fill  in  the  wall  panels  after 
the  columns  and  spandrels  are  complete*.!,  in  whicli  case  the  walls 
become  ''curtain-^  walls,  as  dtj^cribed  in  a  later  paragraph, 
.Slots  in  the  eoluf^ins  for  bonding  in  the  curtain  walls  naay  bo  se- 
r  cured  by  nailing  rebate  strips  on  the  inside  of  the  coluniD  forms. 

Hollow  Cmwreie  Walh  possess  greater  slabihty  than  solid  walls, 
and  the  air-space  makes  the  penetration  of  moisture  leas  likely, 
especially  under  extreme  temperatures.  Hollow  walls  are  usually 
made  3  inches  to  4  inches  thick  in  each  face,  3  inches  to  3  J  inches 
being  a  minimum  thickness  at  which  such  concrete  work  Ci^n 
well  be  placed.  The  cheapest  metlmd  of  obtaining  an  air-space 
is  by  building  in  a  eentriil  course  of  hollow-tile  blocks. 

Conerete-bloek  Walls. f — Concrete  building  blocks  are  so 
inferior  in  rewpect  fo  strengtJi,  stabihty,  perm'.^ability  and  fire- 
resistance,  that  it  is  diflieult  to  sc*e  wlicrcin  their  use  should  be 
encouraged.  Greatly  supericjr  constructions  may  be  had  at  only 
slightly  increiised  cost^  Many  building  laws  prohibit  their  use 
entirely,  or  else  restrict t.  their  em|iloyment  to  buildings  of  st4it^ 
occupancy  or  hmited  heij<hl. 

For  ordinary   buildings,   average   practice   requires   walls 
coji ere te-b lock  construction  to  be  of  thieknesses  as  follows: 

One-story  buildings,  H-iiich  walls. 

Two-story  buildings,  10-inch  walls. 

Three-story  buildings,  12'inch  and  10-inch  walls. 

P'our-story  buihhngs,  15^inch,  I'i-inch  imd  10-inch  walls. 

Co  in  bio  at  ioQ  Tile  and  Concrete  Walls,  r^s  particularly 
a|>plicable  l.o  residence's  and  similar  buihiings,  arc  tie^cribed  in 
Chapter  XXIV  (see  particularly  page  780). 

Tlllekness  of  Wall^.  —  The  thickness  of  walls  for  fire-re- 
sisting buildings  will  tjc  largely  governed  by  the  local  building 
ordinance  in  farce,  at  least  in  so  fai'  as  1  heir  load-bearing  capacity 
is  concernetl;  but  over  and  ah«»ve  such  requirements,  it  should 
be  borne  in  mind  that  inleqnate  fire- resisting  walls  for  severe 
conditions,  at  letLst,  will  generally  require  greater  thicknesses  than 
may  he  denian<led  by   their  bearing  functions  alone.     Again, 

*  Taylnr  and  Thompson's  "Traatise  on  Concrete,  Plain  and  Reinforced** 
t  See  alBo,  pamgraph  "OoQOrete  HegidenoBS,**  Chupter  XXIV,  pa|^  77A 
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experience  ha^  Bhown  that  thick  walls  are  far  more  reliable  under 
fire  teHl  than  thin  walls.  Thos<^  facts  art^  often  overlooked. 
CoRnizanee  shouM,  therefore,  he  itiken  of  the  jmrt  ietilar  condi- 
tiocLs  existing  as  to  internal  hazard  and  external  exjioanre. 

It  18  the  generally  accepted  opinion  that  a  12-inrh  brick 
wall  will  prevent  the  passage  of  fire,  but  a  much  thicker  wall  may 
fail  to  coiifine  the  heat  of  a  burning  bnilciing  stifficiently  to  pre- 
vent the  ignition  of  combustible  merchandise  or  other  material 
in  an  adjtjiiiing  building.  In  a  fire  which  occurred  in  Boston, 
several  years  ago,  combustible  material  waus  ignited  through  a 
3-fo€it  wall  which  became  so  hut  as  to  conduct  the  heat  into 
the  adjoining  building.  In  an  isolate*!  location  an  owner  might 
be  permitted  to  construct  Iii^  walls  with  reference  only  to  their 
carrying  capacity,  but  when  he  builds  in  the  (Compact  part,  of  a 
city,  storing  combustible  materials  from  cellar  to  roof,  he  should 
be  required  so  to  budd  that  a  fire  in  his  premises  will  not  neees- 
sarUy  destroy  his  neighbor's  property.* 
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The  following?  thicknesses  of  walls  recommended  by  the  Na- 
tional Fire  Protection  Association  may  be  useti  as  conservative 
practice  for  ordirmry  coridilioji^. 

Brick  Bearing  Walls,  when  carrying  floors,  to  be  of  good,  hard- 
burned  brick  laid  in  best  of  cement  mortar  with  joints  f!ush*'d  full. 
To  be  not  less  than  16  inches  thick  for  the  upper  two  stories, 
increasing  in  thickness  4  inches  for  each  throe  stories  below  or 
fraction  therf^of  (or  to  be  of  an  equivalent  average  thickness). 
If  walls  are  over  100  feet  long,  they  shall  be  4  inches  thicker 
than  the  above,  or  they  shall  be  .strengthened  by  piers  or  pilasters 
place<l  not  over  20  feet  apart. 

Exterior^  Non-bearing  Wali*'i.  —  Self-supporting  walla  carried 
up  solidly  from  the  foundation  to  be  not  less  than  12  inches  thiek 
for  the  upper  three  stories,  16  inches  thick  for  tlu:^  next  three 
lower  etorii^,  and  20  inches  thick  for  the  stories  below,  all  to  be 
well  anchored  to  the  steel  frame.  If  walls  are  over  iOO  feet  long, 
they  shall  be  4  inches  thicker  than  abo\^e,or  they  shall  be  strength- 
ened by  piers  or  pilasters  located  not  over  20  feet  apart. 

Veneer  WaUi^^  if  carried  on  the  steel  frame,  must  be  of  bnck 
not  leas  than  12  inches  thick  in  any  portion.  This  in  addition 
to  ornamental  facings  or  other  materials,  if  any. 

'*Fire  Dtmum"  Wails, — Each  slet4  frame  and  wad  to  be 
irnlepei:iilcnt  from   that  of  adjoining  section  or  building,  irre- 

•  "  How  to  build  Fireproof  and  61ow-bunun^/'  by  F.  C.  Mohotg. 
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gpecMvr  nf  Uip  lypp  of  cons(rucii<jn  of  the  juljoiiiiu^  structure. 
Each  of  the  walk  wo  inijoinin^  to  be  noL  loss  ( han  12  inc^hes  I  hick- 
Self-supporting  or  hearing  walls  to  be  not  less  than  1()  in(?Ijes 
thick  for  the  upper  (wo  stories,  increasing  in  thickness  4  inches 
for  each  three  stories  below,  or  fraction  thereof  (or  to  be  of  an 
equivalent  average  thickness).  ^h 

The  unreliability^  of  stone  masonry  under  fire  teat  is  recoKniae^H 
by  the  BoHton  Buikling  Law  which  requires  that  **in  reckoning 
the  thickness  of  walls,   ashlar  Mhall  not  be  inchicjed  iinlea.s  the 
walls  are  at  Iciist  16  inches  thick  and  the  ashlar  is  at  lea>^t  S  inches 
thick,  or  unless  alternate  courses  are   at  least  k  and  S  inches  tq_ 
allow  bonding  with  the  backing." 

Anchorage.  —  The  experience  Kainwl  in  past  fires  shows  tha 
adefjuat(r  ancliorajdje  will  often  prevent  much  lire  damage,  boil 
in  preserving  the  integrity  of  the  structure  against  falling  d^lirif?^ 
hot-air  explosions,  etc.,  and  in  minimizing  the  fire  loss  to  indi- 
vidual   featur(?s   of   construction.     Many    fires   show    thai    the 
necessity  for  proper  anchorage  has  not  been  fully  realized. 

All  main  structural  portions  of  a  building  should  be  well  tm 
together.     Beams,  girders  and  trusses,  etc.,  shouhl  be  thoroughly 
anchored  to  the  masonry  walls,  and  in  addition,  load-supporting 
and  self-supporting  walls  should  be  provided   with   Jj-shape 
comer  irons  at  all  wall  angles  or  corners. 

All  walls  of  a  firnt-  or  second-class  building  mt^cttng  at  ; 
angle  shall  be  st^curely  bonded,  or  shall  be  united  everj'  5  feet 
their  height  by  anchors  miitle  of  at  lesist  2-inch  by  §-inch  steel  oi^ 
iron,  well  paintcil,  and  seenrely  built  into  the  side  or  partition 
walls  not  less  than  36  inches^  and  int^  the  fRint  and  rruir  wall 
at  least  one-half  the  thieknesM  of  auch  walls.* 
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The  anchorfige  of  veneer  walls  is  esjjecially  imi)ortant,  as  is 
r>ointed  out  later  in  paragrHjih  "Ht^imdrela." 

The  nece^ity  for  anchorage  of  ornamental  terra- cotta  has 
previously  been  mentioned,  and  numerous  examples  are  given 
in  later  paragraphs  concerning  ''Spandrels/'  ''lintels,"  ^'Mul- 
lions  ' '  and  ' ' C orn ices." 

Stone  facings  should  also  be  anehore<l  to  the  brick  backing, 
preferably  by  means  of  galvanii!ed-iron  flat  or  round  anchors. 

In  brick  walls  the  use  of  light  metal  clips  or  anchors  to  til 
face  brick  to  the  backing  should  be  prohibited.     Such  anchow 
failed  utterly  in  the  case  of  the  Continental  Trust  Company*^ 
♦  Boston  Building:  Law. 
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Buil<Hn|i;  in  the  Baltimare  fire,  where  large  sections  of  \\w  four- 
invh  pre:iserl-bri(?k  facings  of  t  he  mh^  ttnij  rear  vvallt?  fell  off.  The 
Bamc  cause  of  failure  in  faee  brick  waa  seen  in  the  San  FriineLsco 
fire.  Also,  in  the  Equitable  Building  hi  Baltimoriii^  ttie  infre- 
quent bonding  of  corner  bricks  in  tlie  hghi  court  failed  to  hold 
the  face  briek  in  pof^ition* 

Hence,  all  brick  walls  should  be  well  bontJcni  with  full  brick 
hejitJers.  Thiii  will  increase  the  strength  and  Ht ability  of  brick 
widh  of  whatever  nature,  antl,  in  the  case  of  faced  walls,  will 
insure  a  rniiumurn  dani:ige  to  tlie  facing. 

Wherever  brick  was  usetl  f(U'  the  fat;ades,  the  f)onding  was 
seldom  cjirefully  done.  Sometimes  metal  clips  were  dejjended 
upon  solely  for  this  purpose,  in  inowt  canes  every  sixth  to  eiglitli 
course  was  bon<led  to  the  backing.  '^1  here  were  numerous  in- 
stance.4  where  tlie  b*>ad  of  the  face  l>rick  was  broken  and  tliey 
were  precipitated  to  the  ground.  In  future  work  this  detail 
Bhould  be  cnrefully  attend wl  Ui  and  at  leuhst  evt!ry  thini  or  fourtii 
course  should  be  fjonded  to  the  backing.* 

OpenlngH  In  Walls.  —  All  openings  in  exterior  walls  should 
be  provided  with  efficient  fire  tloorB,  windows,  or  slm tiers  as 
tlescribed  in  Chapter  XIV.  TIiIh  rule  applieis  to  till  openingi^^ 
and  not  to  door«  or  window^s  only.  It  is  the  careful  attention  to 
minor  means  of  <'ommunication  that  often  insures  protection  in 
case  of  emergency.  Openings  left,  for  tln^  passage  of  pipits,  flues, 
belts  or  shafting,  etc.,  should  receive  an  equal  consideration 
with  doors  or  windows. 

Shaft  Openingii.  —  Fig,  254  shows  a  fire-resisting  casing  for  a 
Efiaft  opening  in  a  fire  wall,  tm  reconmiend(Ml  by  the  Boston  Board 
of  Fire  Underwriters,  The  flap  doors  shoultl  be  made  in  ac- 
cordance witli  the  specifications  for  tin-chid  fire  doors  and  shutters 
given  in  Cliapter  XIV. 

Bell  OiyiningSf  in  fire  w^alls,  should  be  protected  by  means  of 
eliding  <loor8  m  required  by  the  National  Board  rules  (see  Fig. 
255). 

(a)  To  lj€    made    of  two    thicknesses    of   }i^,-inch   Ijoards. 
I  Otherw^ise  follow  sfXHiificatiorm  for  Tin-clad  Fire  Doors. 

(b)  To  l>e  provided  wdth  two  suitable  hoofc^  and  staples 
for  holding  doors  closed. 

(c)  To  shde  in  upper  and  lower  guard  rails  or  channels  re- 
taining the  doors  in  place.     C'hannels  to  he  made  of  2J  by  2{  by 

•  See  **TbB  San  FmnrLsco  Earlhquakf  and  Firts"  by  A.  L.  A.  Himmel- 
wright. 
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Fig.  254.  —  Standard  Cut-ofif  for  Shaft  Opening  between  Buildings. 


Fig.  255.  —  Standard  Doors  fur  Belt  Openings. 


WALL  CONSTRUCTION 


i-inch  angle  irons  securfly  riveted  together r  and  senired  by  J-mt^h 
bolts  through  the  wall.  Z-bars  of  proper  ilinie*iHioius  may  be 
used  if  ohtaitiable.  Chanaeb  to  be  long  enough  to  retain  doors 
when  open. 

(d)  A  metal  hot>d  may  be  used  if  securely  fasteneii  to  the 
wall.  Hoods  should  be  constructed  of  heavy  galvanized-iron, 
without  the  use  of  solder. 

Metal  htiod.s  are  inferior  to  the  double  doors  and  should 
be  used  only  when  the  doors  are  not  practiealjle. 

Furring  of  Exterior  Walls.  —  U  the  exterior  walls  are  to  be 
finished  on  the  inside,  plastering  is  sometimes  applied  directly 
on  the  masoiu-y,  but  if  it  is  desired  to  insulate  the  walh  against 
the  passage  of  dampness,  heat,  cold  or  sound,  some  form  of 
furring  is  employed  so  us  to  produce  an  air-spaee  between  the 
miisonry  atu!  the  phiHter*  In  refrigerator  and  eold*storage  build- 
ings and  in  breweries,  furring  is  employetl  to  preserve  a  uniform 
temperature.  In  churches  and  theaters,  furring  is  often  U!^e<l 
for  acoustic  properlit?*i,  wliile  in  dwellings,  stores  and  mercantile 
buildings,  it  is  generally  liscd  to  prevent  the  penetration  of  damp- 
riasftT  and  to  exclude  cold  in  winter  and  heat  in  sununtT.  From 
the  standpoint  of  firc^resi^stance,  ihe  furring  of  exterior  walls  by 
means  of  tile  or  hollow  brick  is  decidetUy  advisable  in  Ktorage  or 
mercantile  buildingt>  containing  large  quantities  of  combustible 
merchandise. 

Sucfi  furrinpis  may  be  made  of  hollow  brick,  terra'<u>t(a  tile, 
metal  studdiuf^  and  lathing,  or  gypsum  blocks,  and  their  relative 
value  as  regards  fii"t^re,sistance  will  be  in  about  the  order  named. 
Wood  furring  or  lathing  should  never  be  emjilojed. 

Hollotv  brwks  constitute  tlie  most  efficient  f*jrm  (»f  fire-resisting 
wall  furring.  They  are  largely  used  in  warehouses,  merc:antile 
buildings  and  the  like,  where  the  walls  are  16  inches  thick  or 
more.  The  New  York  Building  Law  allows  the  inclusion  of 
hollow  bricks  in  determining  wall  tliicknesses.  For  walls  less  than 
10  inches  thick  they  may  be  used  for  south  or  court  walls,  but 
not  for  walls  exposed  to  < hiving  rain  storms. 

Hollow  brick  (also  called  "llaverstraw"  hollow  brick)  are 
commonly  niade  of  the  sanie  matcTial  and  mm  as  ordinary  brick, 
except  that  voids,  usually  two,  run  from  end  to  end.  They 
should  be  built  up  with  and  bonded  into  the  body  of  the  wall  by 
means  of  headers,  which,  by  some  manufacturers,  are  made  with 
four  voids  running  from  aule  is}  mie  of  the  bricks*  Hollow  bricks 
are  sometimes  '* scored"  or  grooved  on  the  faces  to  receive  the 
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pi:i.storing.     Tlie    staDdard    sizes    and    weights    made    by   the 
National  Fire  Proofing  ComtJany  are  as  follows: 
Stretcher,  2}  by  3i  by  S  imihea.     Weight,  3  pounds. 
Header,  2 J  by  3i  by  7\  mches.     Weight,  2  J  pounds. 
Porous  stretcher,  2|  by  3 J  by  8  mches.     Weight,  2|  pounds. 
Solid  porous  stretcher,  2  J  by  3  J  by  8  inches.   Weight  3  J  pounds. 
The  porous  stretchers  are  employed  wliere  naiLi  umat  be  used  , 
to  secure  Inm,  etc. 

Terra-rolta  Wall  Fumng  is  made  of  den.se,  semi-porous 
porouiri  ierra-c!t>tta  blocks  of  the  form  slifiwn  in  Fig.  256.  Th* 
blocks  are  mtide  either  IJ  or  2  inchcM  thick  and  12  inches  equiiTM* 
They  should  be  set  with  the  ribs  vertical  antl  be  fastened  to  the 

wall  by  dri%'ing  tenpenny  nails  l 
the  joint*^  of  the  brickwork, 
head  of  the  nail  being  bent  dow 
upon  the  tile,  using  a  nail  over 
every  third  block  in  every  second 
course.  The  blocks  should  not 
be  bedded  in  mortar  at  the  back 
since  tliis  would  defeat  their 
purpose  by  making  a  aolltl  con- 
nection to  carry  the  moistu 
through. 

Where  walls  must  be  straig 
oni^l  or  furred  out  to  line  with 
the  face  of  pierSj  the  2-inch  blocks  cannot  be  used.  If  tlie  eeiliq 
height  is  not  too  great,  ust*  3-inch  partition  blocks.  If  the  spa 
is  greater  1  han  3  inches  the  blocks  may  be  set  out  from  the  wall 
leaving  a  clear  air-space  behind  them.  They  should  be  bra 
at  intervals  by  t  ht*  use  of  drive  anchors,  or  4-inch  blocks  may  1 
used  without  the  anchors. 

The  face  of  the  blocks  is  grooved  to  receive  the  plastering. 
The  12  by  12  by  1  |-inch  blocks  weigh  9  pounds  per  square  foot, 
and  the  12  by  12  by  2-inch  blocks  weigli  10  pounds  per  square 
foot. 

Metal  Furring  and  Lalhing  for  exterior  walls  is  extensively  < 
ployed,  but  such  constructions  are  more  effective  as  insulate 
against  dampness,  heat  and  cold,  than  against  direct  attack  I 
fire  an<l  watiT.     The  furring  consists  of  some  light  metal  mem- ' 
bera   which    are    attached  to  the  masonry  —  angles,  chaoaelB 
or  sheet -iron  stuils,   to  which  wire  or  metal  lathing  ia  wired. 


Fig.  25a.  - 


-  Tcrra-eotttt  WtiU  Fur- 
ring. 
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Wire  lathing  wilh  l-iruh  V-sliafWH]  ribs  woven  in  every  71  iochea 
is  Bomeliim^  usnl- 

Gpptium  BlockB  me  aldo  uat*<l  as  wall  fin'rinf^,  hut,  wliilt*  ex- 
cellent iis  far  as  the  non-conductivity  of  heat,  is  concerned,  are 
open  to  the  same  objecl ions  as  ar^  the  gypsum  partition  blocks 
described  on  page  3D3.  For  storica  of  ordinary  height,  blocks 
14  inches  or  2  inc:hes  thick  with  ribbed  baeLs  (as  shown  in  Fi^- 
256)  are  used,  or  solid  blocks  IJ  inches  thick.  These  are  laid 
with  a  i-inch  air-space  between  the  blocks  tind  the  wall,  as  the 
blocks  W'OuId  otherwise  absorb  any  rnointurc!  whi(^h  niijjjht  pene- 
trate the  wall  The  blocks  are  fas:tened  to  the  ni;iisonry  by  means 
of  nails  driven  through  the  blocks  into  the  joints  of  the  brick  or 
Btonework.  If  a  wider  air-space  lis  requirfxl,  thus  making  the 
furring  blocks  virtuidly  free-standing,  partition  blocks  are  usi'd, 

Concreit  Walis,  —  If  concrete  walb  are  to  be  furred,  provision 
must  be  made  for  the  attachment  of  the  furring  when  the  walls 
are  building*  This  can  bcist  be  accomplished  by  means  of  the 
''Rutty  Non-furring  Nailing  Plugs,"  which  consist  of  doubled 
or  tw^o-thickness  slu^et-iron  plugs  which  are  buUt  into  the  wall 
with  the  outer  ends  projecting  out  between  the  joints  of  the  wood 
forms.  Wire  or  metal  lathing  is  then  attached  to  the  free- 
etanding  ends  of  the  plugs  by  means  of  nails  or  staples  which 
are  driven  in  between  the  two  closely  fitting  sheets  of  each 
plug. 

Cotdstorage  Insulatmn.  —  An  efficient  lire-resisting  insulation 
for  brick  walJa  in  cold-storage  warehouses,  refrigerating  plants, 
etc.,  consists  of  2  coals  of  pitch  on  inside  of  brick  wall,  2-inch 
liollow-tile  furring,  4  inches  of  mineral  wool,  3-ineh  hollow-tile 
furring,  finished  with  an  inside  coat  of  cement  plaster. 

Wall  nnlshcs.  —  There  Ls  undoubtedly  a  great  field  for  im- 
provement in  (he  mailer  of  providing  some  indestructible  or 
practically  indestructible  finish  for  the  exterior  surfaces  of  walls. 
The  great  damjtge  done  to  stone,  ornamental  terra-cotta,  and 
even  to  face  brick  under  severe  fire  test  has  previously  betm 
pointed  out.  The  best  that  can  be  done  under  present  metlioda 
is  either  to  use  such  finlshetl  materials  a^^  will  inevitably  suffer 
damage,  but  to  use  them  in  such  mass,  solidity  and  quahty,  and 
in  such  manner,  as  to  make  the  resultant  chimage  by  fire  as  Uttle 
as  possible;  or  to  use  common  brick  or  concrete,  to  which  can 
be  apphed  a  finish  of  the  nature  of  stucco,  the  destruction  of 
which  by  tire  is  to  be  expected,  but  the  renewal  of  which  w  ill 
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he  (*x|Mmisive  —  as  suggested  }*y  Captain  Sewell  (see  Cliapier  ^ 
page  205). 

Planter  and  stucco  wall  finishes  are  comsidered  at  more  lengtfa 
in  Chapter  XXIV. 

The  exposed  surfaces  of  concrete  walk  are  variously  treated 
in  at  tempts  to  produce  a  satisfactory  appearance.  Where  no 
special  provision  is  made,  the  marks  of  the  lumljer  used  in  the 
foriiis  are  almo8t  certain  to  show,  and  the  lines  of  demarcation 
between  successive  layera  are  clearly  defined.  To  eliminate  these 
lines,  groovas  am  sometimes  purjxisely  formcil,  hy  tacking  on 
the  sitlcs  of  the  moulds  triangular  or  trapezoidal  strips  that  pro- 
duce sunk  joints  in  the  wall,  giving  it  an  appearance  resembling 
dressed  stone.  The  successive  layers  of  concrete  are,  in  such 
cases,  stopped  at  these  lines  s<j  that  the  junction  of  the  two  layera 
is  hidden. 

In  some  cases  the  surface  is  purposely  left  rough  and 
scratched  like  a  scratch  coat  in  plastering,  and  then  stuccoed 
with  a  neat  cement  or  a  rich  cement  mortar.  In  this  form  of 
finish  there  is  always  some  danger  of  the  stucco  flaking  off. 

The  surface,  as  it  comes  from  the  mould,  is  sometimes 
hammer-dressed,  or  rather  picked  with  a  special  hammer. 

Another  method  sometinies  employe<l  is  to  remove  the 
forma  as  soon  a-s  the  concrete  is  sufficiently  hard,  and  to  rub  the 
surface  with  a  plasterer's  float,  using  fine  sand  between  the  flo 
and  the  wall  surface,  and  plenty  of  water.* 


See  also  "A  Surface  Finish   for  Concrete,"   illustrated,  bj 
Henry  H.  Quimby^  Engweering  NewSj  Dec.  20^  1906. 

The  pointing  of  stone  or  brick  rnfisonry  should  always  be 
concave  joints.     The  convex  pointing  of  joints  will  invarial 
break  off  under  fire. 

Spandrels*  —  Spandrels  constitute  those  portions  of  the  eJt- 
terior  walls  which  lie  between  tlic  piers  and  between  the  wind 
openings  of  the  successive  stories. 

In  load-supporting  or  self-supporting  walls,  these  portioi 
present  no  especial  difficulty,  as  they  are  easily  cared  for  b^-  in- 
troducing  lintel  beams^  channels,  angles  or  tet^,  which  rest 
directly  upon  the  masonry  piers;  or  the  supfiort  is  made  through 
the  use  of  stone  Mntels,  or  by  the  arching  of  the  masonry  over 
the  openings. 

In   veneer-  or   skeleton-construction,    however,    eonsiderahle 
ingenuity  is  often  required  to  carry  the  co!istructioo  proper] 
The  spandrels  are  often  made  thinner  than  the  piers  aurroundi 

♦  Rudolph  P.  MiJIef,  in  KiiJder'a  *'Arcliittictai'  tiad  Builders'  Pocket-Book* 
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the  exterior  columns,  in  ortler  to  reduce  the  loads  on  the  spanflrel 
beams,  an  wdl  as  to  throw  the  spandrels  "iti  revoal,"  thu8  aec^n- 
tuatlDR  the  piers  for  areliitectural  elTecl.  In  tliis  con.Hf ruction 
the  support  of  the  briclvwork  and  fireproofniKt  itnd  iho  proper 
atiachtneni  of  ornamental  terra- colt  a,  if  used,  brinf;  up  many 
problems  calHng  for  originality  and  practical  adaptability. 

The  methods  employrd  can  be  best  described  by  means  of 
illustrations.  Quite  a  number  of  examples  are  given  in  the 
author's  *' Architectural  Engineering/^  with  descriptjons  of  the 
ordinary  methotla  employed  in  skeleton-construction  buildings. 
A  few  exampla^  only  will  be  here  pointed  out ,  referring  especially 
to  fire-resisting  considerations. 

Refiiiirements.  —  Before  examining  typical  .spandrel  detaili*  as 
customarily  made,  it  wdd  be  well  to  consider  the  requirements 
demanded  of  spandrel  con.struetion  from  the  standpoint  of  fire- 
resistance.  Such  requirements,  om  riemon^t rated  by  past  ex- 
perience, include: 

1.  Tliat  spandrels,  and  especially  the  Hnlels,  be  made  as  nearly 
self-supporting  as  possible.  To  this  end  windows  should  be 
made  of  moderate  width,  as  described  in  folknving  paragraph 
**Mullions/'  wdth  piers  of  sufficient  stability  lo  lake  the  lintel 
loads  or  arch  thrusts.  No  lintel  wlU.  equal  tlie  brick  arch  in 
fire-resist ance^  but  if  a  more  ornamental  treatment  is  desired, 
ornamental  terra-cotta  may  be  u^^ed,  but  should  be  made  self- 
supporling  for  the  iirch  or  lintel  |)ortion  at  least.  The  desir- 
ability of  changing  current  practice  in  the  use  of  ornamental 
terra-cotta  has  been  pointed  out  in  Chapter  Vll,  and  also  earli(?r 
in  this  chapter.  In  any  reasonable  design  there  should  be  no 
difficulty  in  making  terra-cotta  lintels  of  eight  or  twelve*inch 
reveals,  self-supporting. 

2.  That  stwl  spandrel  or  lintel  members,  if  required  or  used, 
be  adequately  protected  against  possible  fire.  If  the  window 
widths  are  such  that  the  lintel  constructions  cannot  be  made 
self-supporting,  then  steel  spandrel  members  must  be  depended 
on,  but  such  angles,  channels,  beams  or  riveted  ginlers  shoukl 
be  w^ell  bihindf  or  preferablj^  above,  the  lintel  construction,  and 
should  be  efficiently  protected  on  all  sides.  The  common  prac- 
tice of  relying  on  4  inches  of  hollow  ornamental  terra-cotta  blocks 
for  the  protection  of  steel  spandrel  membery,  whether  on  soffit 
or  face,  is  iua^lequate.  Four  inches  of  well-laid  brick  may  form 
adequate  protection  against  fire^  as  is  pointed  out  later  in  dis- 


FIRE   PREVENTION   AND   FIRE   PROTECTION 


cussing  wall  columns^  hut  tlie  same  thifikneas  of  any  other 
terial,  save  ooncrctp,  is  certainly  insufficient, 

3*  That  the  spanflrel  walls  be  made  of  such  thickness  and 
solidity  iis  will  iulerjuately  resist  the  maximum  fire  test  to  k 
oxiM*t'ted.  IljiJ^ardous  ('unti^iits  and  i^evero  exposure  should  be 
connidered.  For  ordinary  hazard?*^  the  following  requirements 
of  the  National  Code  will  be  sufficient  —  btt^ed  on  a  limiting 
height  of  buildings  of  125  feet. 

Walls  of  brick  built  in  between  iron  or  ateel  columns, 
supported  wholly  or  in  part  on  iron  or  ste«?I  girders,  shall  be  not 
1(^SH  than  12  inches  thick  for  05  feet  of  the  uppermost  height 
tliercof,  or  to  the  nearest  tier  of  beams  to  that  measurement^  in 
any  building  so  eonstnipted ;  and  the  lower  section  of  60  feet  ar_ 
part  thereof  shall  have  a  thickness  of  16  inches. 

The  New  York  Building  Code  requires  inclosure  walls 
skeleton-construction  buildings  to  be  not  less  than  12  inches 
thick  for  the  uppermost  75  feet,  increasing  in  thicktiess  by  4 
inches  for  each  lower  section  of  (M)  feet. 

4.  That  the  details  of  eonstruction  be  not  only  practicable, 
but  also  such  as  will  insure  a  minimum  damage  by  weather, 

settlement,  or  fire.  One  very  eoramoo 
defect  in  the  design  of  spandrels,  and,  in 
faetj  of  much  ornamental  terrarcotU 
work,  is  the  slotting  of  the  blocks  to 
within  two  or  three  inches  of  the  exposed 
face  to  receive  the  steel  members.  This 
is  illustrated  in  Fig.  2ii7*  8uc!v  practice 
ia  bad  for  several  reasons.  First,  the 
effective  thickness  of  Ihe  blocks  at  the 
e<lge  of  the  angle  is  rechiced  to  the  face 
thickness  only.  Failure  at  this  point 
is  liable  to  occur  in  handling  during 
building  operations,  or  under  fire  test. 
Second,  the  insulation  of  the  steelwork  is 
insufficient,     particularly     at     the 

Third,  failure  at  this  jioint  is  ver_v  liable  to  occur  under  sett] 

ment  of  the  structure. 

A  far  better  detail  is  shown  in  Fig.  25K. 

5,  That  thorough  anchorage  be  provide<:l  for  all  portions  not 
self-supporting.  Methixls  of  anchoring  ornamental  terra-coty 
are  shown  in  the  following  illustrations. 


u 


Fra.  267.  —  Spandrtl  Sec- 
tion with  I  (ri  properly 
Slotted  Lmtel  BlcickB, 


^TFio.  25t.  — Spundrel  Section,  Ifith 
^H  FlfK>r,  Bmadwity  Chambers,  N.  Y, 

■  lii^ht,  and  the  double  angles  are  insecurely  protected.  Fig.  260 
lihows  tlie  NfiaiMlrel  section  at  tli*.!  fti^irth-flrHir  level  of  the  name 
huikling,  where  Ihe  gronite  of  llie  lower  three  stories  terminates. 
The  lintel  stone  is  self -supporting. 
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Fig.  261*  illustrales  a  simple  antl  wpll-tiesigned  spandrel  sec- 
tion supported  on  a  l)eani  with  sbclf  angle,     The  staff  bead  of 


a 


.mo 


m 


—  Typical  Spandrel 
Section. 


FuJ,  2t>2.  —  Tj  picjil  Bpandrel  Section*  \ 


the  window  frame  is  kept  inside  the  line  of  the  terra-cotta  linl 
blocks  to  prevent  the  breaking  of  the  latter  through  the  deflpi 
tion  of  the  beam  <jr  settlonient  of  the  building- 
Fig.  262*  shows  a  double  terra-eotta  lintel^  supported  partly 
by  shelf  bearing  and  partly  by  ro^l  suspension.     The  outer  angle 
is  j^upported  from  the  plate  girtier  by  means  of  projecting  plate 
and  angle  brackets,  shown  in  dotteii  Hnes. 

J IL 

I 


Fig,  263.  —  Typical  Spandrf;}  Se*:tion.  Fio,  264.  —  Typiral  SpariLirct  .^fctwu. 

Figs.  2G3  *  and  264  *  show  other  methods  of  supporting  terra^ 
cotta  liatels.     They  nould  be  improved  by  making  the  soliit| 
heavier,  deeper  and  self-supporting. 

•  From  typical  details  issued  by  the  Northw«fltern  Terra-ootta  CompAay. 
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In  designing  spamlrel  sections,  especial  care  should  be  given 
the  lintels,  as  the  window  soQHa  almost  invariably  receive  a  more 
severe  test  by  fire  than  any  other  portionn  of  the  exterior  walla. 
To  secure  the  beat  results,  the  various  sections  should  be  detailed 
to  ample  scale  in  order  that  the  best  possible  arranRement  may 
he  studied  out  to  secure  a  stable  and  efficient  construction  which 
wUl  8uJTer  a  minimum  damage  from  fire  or  other  adverse  con- 
ditions. 
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Fm.  265.  —  Sptindn?!  Section,  3Td  Flrjor,  rrtplpy-PInaa  Hotel.  BoBton. 


An  exceptionally  welUleeigned  self-s^upporting  Ki)andrfl  sec- 
tion, used  in  connection  wilh  load-supporting  exterior  walls, 
is  illustratetl  in  Fig.  265.  This  is  taken  at  the  third-floor  level 
of  the  new  Copley-Plaza  Hotel,  Bo.stoa  (11JU-1912),  H.  J, 
Hardcnbergh ,  arch itect . 

Court  Walls.  ^ —  Spandrel  sections  for  court  walls  differ  in 
no  way,  as  far  a^  general  princiides  are  concerne<l,  from  those  of 
the  exfcrinr  walls.  They  are,  however,  generally  simpltir,  due 
to  the  plainer  chainctcr  of  the  walL     A  glazed  brick  is  commonly 
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employt^l  f  o  refif^ct  till  possible  light,  while  the  sill  courses  and 
lintt^lt?  are  i>f  U?rra-cotta  as  before. 

Special  Constructions,  such  as  balconies,  bay  windows,  etc., 
all  demand  individiml  treatment,  depending  upon  the  design. 
The  principles  which  have  alreaiiy  been  described  must  be 
adapted  to  the  conditions  to  be  met,  the  one  main  thought  from 
a  fireproofmg  standpoint  being  the  complete  protection  of  the 
titnictural  steelwork.  A  number  of  examples  of  steel  framing 
and  spandrel  sections  for  bay  windows  are  given  in  the  author's 
*'  Architectural  EnginnTing/'  ^M 

Concrete    Spandrel    Walls.  —  For    spandrel    walls    sup-^^ 
ported  entirely  on  girders,   the  minimum   thickness  should   be 
eight  inches.    Such  walls  shoiiJd  be  reinforced  with  not  k^sa  than 
one-half  pound  of  steel  per  square  foot  of  wall,  in  the  form  ofj 
rods  placed  verticall^^  and,  less  frequently,  horizontally." 

The  varied  tests  made  by  Professor  Woolson,  however,  sha^ 
that  concrete  w^alls  less  than  8  inches  thick  would  seem  to  posseasi 
all  requirements  as  to  fire-resistance,  at  leaf^t  for  usual  conditions.^ 

1  beheve  that  a  curtain  wall  4  inches  thick,  profx^rly  madej 
will  withstand  all  any  building  may  be  expected  to  stand  in 
burning  out  the  contents  of  any  room  in  the  building  except, 
perhaps,  in  very  rare  cases.  I  have  had  buildings  in  which  the 
walls  were  ni^ver  over  3^  to  4  inches  thick,  and  have  subjected 
those  walls  to  repeated  tests  of  one  hour  each  at  a  mean  tem- 
perature of  17CH3  degrw^s,  then  applying  water  at  ordinary  pres- 
sure. Such  tests  have  not  disint(*gratod  the  walla,  and  we  only 
had  to  repair  them  by  pla-^tering  in  spots  two  or  three  times.  I 
had  one  test  building  which  I  used,  I  think,  fourteen  tmies,  and 
when  it  was  torn  down  it  had  to  be  done  with  pickax  and  sledge. 
If  it  will  stand  punishniont  of  that  sort,  I  .we  no  reiisoii  wdiy 
curtain  wall  of  that  thickness  cannot  be  used  in  a  building. 

The  method  of  construction  was  very  simple.  We  used 
a  very  open  rnetal  construction,  with  mf^tal  lath  as  used  f(jr  phis- 
tering,  and  the  wall  wjis  well  built  up  by  repeated  plasteringa  of 
a  mixture  of  one  part  of  lime  contain] ng  25  per  cent,  of  cement i 
to  iiggregate  of  two  parts  sand  and  three  of  fuie  cinders,! 

Millllan8.  —  The  Baltimore  fire  demonstrated  conspicuously 
that  rnullioned  openings,  as  commonl}'  built,  are  susceptible 
great  damage.     Windows,  espceittUy  in  office  buildings,  are  oftW 
made  too  wide.     Such  openings  are  objectionable,  both  from 
the  standpoint  of  the  exposure  presented,  and  from  the  stand- 
point of  self-supporting  lintel  construction  as  before  described. 

•  Rudolph  P.  Miller,  in  Kidder's  "Architecta'  and  Builders*  Pocket  Book/' 
/  See  tOO&  Froceedinga  of  National  Fire  Protection  A^sociatioD,  page  167. 
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up  to  a  certain  point,  it  costs  morf^  to  Ijuild  a  w^indow  into  a 
wall  than  it  doas  to  btiild  the  wall  sulid.  There  is  a  limit,  how- 
ever, beyond  which  windows  are  «heap(M'  than  t^olid  walls.  TIio 
window  area  in  the  Continental  TruBt  Hnildin^r  wii.^  far  beyond 
this  limit.  It  may  have  been  made  so  In  response  to  unreason- 
ing deniands  for  light;  and  it  may  have  beim  done  with  a  view 
to  a  low  firwt  eo.st.  In  any  events  it  was  too  great.  The  same 
was  true  of  other  buildings.* 

If  any  consideration  is  to  be  given  to  ptjssible  fire  damage, 
mullioned  openings  should  be  avoided,  for,  iuH  nsually  bui!t, 
small  muUiotiH  of  brick,  terra-colta  or  cast-iron  will  either  fail 
ut(erly  or  eanse  great  damage.  If  they  are  depended  on  to 
carry  loads,  the  result  may  well  be  dmigerous;  if  they  are  only 
self-su[) porting,  and  especially  if  made  of  cast-iron,  they  will 
probably  be  damaged  themselves  and  also  involve  the  masonry 
above  and  below* 

Spandrel  beams,  carrying  the  curtain  walls  from  story  to 
story,  failed  in  some  cases  and  allowed  a  portion  of  the  wall  to 
fall  out.  This  oeeurred  only  over  large  windows  and  was  partly 
due  to  strain  occjisioned  by  the  expansion  of  east-iron  window^ 
mullions,  whieh  were  fjvstoned  to  these  spandrel  beams.  The 
lack  of  proper  protection  for  the  beams  also  eontributed  largely 
to  their  failure.  Steel  members  ov^er  windosv  openings  were 
eommoJTly  provided  with  insulficient  protection  and  in  some 
cases  they  were  protect^Hl  by  the  wtxid  window  frames  only-  A 
severe  tire  test  of  long  duration  would,  in  all  prohabilityj  cause 
material  damage  at  thcae  pointit.f 

If  eiU9t-iron  mullions  are  used,  they  shoukl  preferably  be  of 
closed  form  J  and  of  substantial  thickness.  The  buckhng  of 
hght  U-shaped  mullions  was  conspicuouj^  in  the  cjise  of  the  Con- 
tinental Trust  Company^a  Building.  If  light  terra-cotta  mul- 
lions are  employed,  with  insufficient  area  to  be  rigid  and  stable 
in  themselves,  a  metal  stiffening  member  on  the  interior  is 
advisable,  provided  the  same  be  fireproofed  before  tlie  i^urround- 
ing  ornamental  terra-cotta  is  placed.  If  brickwork  is  eniployeii, 
very  hght  piers,  even  if  somewhat  larger  thati  ordinary  mullions, 
should  not  l»e  depended  on. 

Terra-cotta  CoFnlces  are  <lesignecl  after  the  same  principles 
an  are  eniploye<:l  in  spandrel  .sections,  but  it  should  he  remembered 
that  the  original  cost  and  also  the  Uability  to  excessive  fire 
damage  increase  rapidly  with  the  projection, 

*  Captain  John  Stephen  SewelJ  in  Ids  report  on  xht?  Biil(im*.irH  fire  to  the 
Chief  of  EagineerSp  U.  S.  .\. 

t  Report  of  Nationeil  Fire  ProteeLiun  Aikkiciuliou  au  fiultJruure  fire. 
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Fia.  28ft.  —  Terra-notttt  Cornice,  Wanamaker  BuJldLag,  PhHa. 

From  the  standpoint  of  minimuin  fire  damage,  terra-cot 
cornices  should  be  as  plain  and  as  nearly  self-supporting  iis  po9-J 
sible.     The  Baltimore  buildings  showed  conclusivtdy  that  cor  J 
nicea  of  ornamental  torra-eotta,  built  after  accepted   methods, f 
will  suffer  great  fire  damage,  often  Ruffieient  to  necessitate  their 
entire  renewal.     This  was  especially  true  of  highly  ornamented 
or  bulilly  overhanging  cornices^  and  many  of  those  which  at  first 
were  supposed  to  be  but  ht  tie  injures  I  had  to  be  entirely  replaced. 

In   cornices   having   any   material   overhang,   self-supporting  j 
construction  becomes  practically   impossible.     Hence  recourse] 
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must  be  had  to  steel  brackets,  "outriggers  '*  and  other  often  very 
elaborate  mparifs  of  «upf>ort.  In  .such  nisvs  the  ateel-supportiiiR 
members  and  anclwriige  must  all  hn  designed  lugether,  ws  the 
method  of  KupfKirtinK  eaeli  eourse  of  blocks  must  be  carefully 
determineily  and  holes  for  the 
anchorage^  etc.,  must  be  pro- 
vided for  in  both  the  blocks 
and  the  steel  supjiorts,  before 
the  material  are  fabricated. 
Such  constnietion  is  costly  on 
account  of  the  relatively  large 
amount  of  comphcati^d  steel 
framing  required,  —  on  ac- 
count of  the  elaborate  forms 
of  the  terra-cotta  blocb^,  ueiii- 
ally  with  more  or  less  orna- 
mentation, —  and  on  account 
of  the  difficulties  of  setting, 
increased  liability  to  fire 
damage  is  al^o  due  to  the  sante 
Causes^  and  to  the  fact  that 
constructions  which  overhang 
in  any  marked  degree  cannot 
be  backed  up.  The  cornice, 
bterefore,  becomes  a  sham 
SOnstruetioDj  non-self-support- 

ig,  made  up  of  many  irregu- 

trly-shaped  and  highly-oma- 

lented      blocks^     which,     of 
3sity,  must  be  kept  thin 
i  reduce  weight. 
Fig.     266*     illustrates     the 

3rnico    of    the    Wanamaker 

building,  Philadelphia.      This  Fia,  2fifl. 
an  extreme  example  as  to 
p2e  and  overhang,  and  also,  in  the  opinion  of  the  writer,  as  to 
FKhtness  and  susceptibihty  to  fire  damage, 

F'ig,  267*  illustrates  a  medium-sized  cornice  as  used  on  the 

^ttsburgh  Athletic  Association  Building,  Jansaen    and  Abbott, 

^chiteels,  and  Fig.  2iiH*  illuntrates  the  cornice,  enlabluture  and 

Por  these  detBils  of  cornices  the  atithor  is  indebted  to  tho  Allan  tie  Terra- 
*^tfi  CoovpBQy  who  executed  the  work. 


Terra-col ta  CoriiJC8»  Maj^er 
Israel  Building,  New  Orleiiis, 
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railing  on  the  Mayer  Israel  Building,  New  Orleans,  Favrol 
Livaudais^  architects. 

Party  Walls»  —  Party  or  dividing  walla  should  be  absoltjtd 
barriers  againtit  the  spread  of  fire,  and  weak  or  thin  walls  for 
such  bealioDd  will  be  faLse  economy.  In  many  ca^se?^  the  s^teel 
frames  for  large  and  important  structuroi^  are  placed  directly' 
against  the  walL^  of  tlie  smaller  adjacent  buildings,  or  out  to  the 
party  Unes.  In  case  of  conflagration,  the  smaller  building  wiD 
pull  down  its  own  wall,  and  leave  the  steelwork  of  the  newer 
fitru(^iure  exiKJS^'d.  The  columns  atid  wall  beams  should  be 
efficiently  protected  by  their  ow^n  wall. 

fire  Walls,  ^  8ee  paragraph  '*  Subdivision  of  Ijiirge  Areas/' 
Chapter  IX,  page  3<  15,  especially  the  limit  at  ions  of  areas  reeoiti- 
inended  by  the  Natir^na!  Board  Code;  also  previous  paragraph 
"Thickness  of  Walls"  in  this  chapter. 

In  mill-construction  buildings,  or  in  any  save  those  that  are 
thoroughly  fire-resisting,  fire  walh  diviifing  any  structure  into 
tieparatx^  s<.^ctiona  should  be  carried  from  3  to  5  fe<*t  above  tht 
roof  and  should  be  provided  with  a  durable  coping.  For  se- 
vere risks,  as  in  car  bams,  the  minimum  height  of  parapet  walls 
should  be  5  feeL  In  all  cases  parapet  fire  walls  should  be 
corbeled  out  at  the  exterior  walls  so  as  to  cut  off  completely  the 
connection  of  cornice  or  gutter  between  Uie  sections. 

Wall  Columns.  —  The  protection  of  iron  or  steel  col 
placed  wholly  or  partly  within  exterior  walla  is  neither  as 
portant  nor  as  diflScuit  tisis  the  case  with  isolated  or  free-stani 
columnSj  —  first,  because  wall  columns  do  not  have  to  endiiw 
as  high  temperatures  as  those  columns  which  may  be  exposed 
to  flame  on  all  sides  at  one  and  the  same  time,  —  and,  second^ 
because  a  solid  masonry  wall  serves  well  to  stiffen  and  brace 
balance  of  the  colunm  protection,  thus  insuring  that  stabi 
of  position  which  ia  so  desirable.  From  the  standpoint  of  c 
sion,  however,  wall  columns  require  more  care  than  do  isoli 
columns. 

In  earher  examples  of  firc^resisting  buildings,  a  column 
usually  placed  within  the  exterior  wall  to  within  4  inches  of 
8  inches  of  the  face  of  ivall,  leaving  the  rest  of  the  shaft,  project- 
ing into  the  room  or  floor  space,  to  be  covereil  by  hollow  tile  a.* 
in  the  case  of  isolated  columns. 

In  later  exsmitjles  liol low-tile  easings  have  been  carried  entil 
uround  the  columns,  so  that  the  masonry  wall  would  not 
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reJiwl  ufKMi  as  the  only  external  protection-  Fi|^.  2^9  ahowfl  the 
etail  used  in  protecting  the  wiill  columns  in  the  Fisher  Building, 
[  Chicago,  in  which  cai^e  stc^ani  pipes  were  carried  up  in  corner 
I  recesses  in  tlic  hollow-tile  t\^,siugs. 


E 


rcn^ 


1 


~^ 


Tin.  269.  —  Wall  Column  Protection,  FiahcT  Building,  Chicajjo. 

In  many  cases  wall  columns,  where  projecting  into  the  rooms, 
[are  protected  simply  by  a  4-iiich  brick  casing,  bonded  into  the 
[  masonry  wall.  Captain  Sewell  states  of  the  huildinga  in  the 
I  Ban  FrancJBeo  fire  that  "the  wall  columns  covered  with  4  in^^hes 
'  of  brickwork  were,  except  in  one  biiilding,  fairly  well  protected, 
^Bo  far  as  I  was  able  to  determine."  ^ 

Also, 

The  4-Jnch   brick  protection  used  on  the  exterior  colutnnj^, 

I  and  ali^o  on  some  interior  columns,  made  a  remarkably  gmid 

[showing,  and  practically  without  exc<^ption  was  intact  and  as 

firm  as  befort!  the  fire.     This  coincides  with  the  oxjjerienxx^s  in 

^  former  fires,* 

A  still  more  reliable  protection,  however,  is  shown  in  Fig,  270. 

The  entire  column  is  first  protected  by  concrete,  built  out  soUdly 

to  a  rectangular  outline,  outside  of  which  I  hc^  tcrra^cotta  facing 

>  and  the  brick  pier  are  carried  as  shown. 

Not  less  than  8  iihJhw  of  brickw'ork,  concrete,  or  well-fdlf?d 
I  teira-WJtta  blocks  .should  be  placed  betw^een  steel  columns  and 
the  fac(^  of  wall.     No  allowance  should  be  made  for  thin  slabs 
;  or  facings  of  stone.     In  sctliiig  hollow  tile  around  exterior  col* 

•  Xationjil  Firt*  ProtcctioD  Assooifttion  report,  on  BBltimoire  fire. 


I 


662 


FIRE  PREVENTION   AND  FIRE   PROTECTION 


umns,  all  of  the  points  noted  in  Chapter  XII  as  to  efficient 
methods  and  workmanship  should  be  followed,  exactly  as  for 
isolated  columns. 


Fig.    270. —.  Typical   Wall    Column,    Filene   Building,    Boston. 


As  a  protection  against  corrosion,  all  wall  columns  should 
preferably  be  coated  with  a  rich  cement  mortar  which  should 
cover  the  entire  metal  work,  without  cavities. 


Importance  of   Eoof  Cotistructloil.  —  Firc-rcsiating 
construction  is  of  vital  importance  as  regards : 

(a)  The  spread  of  distant  fire^  as  in  a  conflagration. 

(b)  The  excltiBion  of  nearby  exposure  fire. 

(c)  The  integrity  of  the  construction  again.st  falling  walls, 
etc.,  and 

(d)  The  confining  of  internal  fire. 
The  requirement  for  excluding  fire  of  very  moderat-e  severity, 

whether  from  nearby  exposure  or  from  a  distant  source,  is  Tifiiially 
fulfilled  by  provitiiug  a  fire-re^isting  roof  covering  which  will 
jict  OS  efficient  protection  against  heat,  sparks  or  embers.  With- 
in all  city  limits,  at  least,  this  requirement  should  be  obligatory 
for  aM  classes  of  buildings.  This  would  mean  the  prohibition 
of  shingle  roofs,  which,  in  the  Paterson  conflagration,  were  set 
on  fire  in  numerous  plact^  distant  nearly  half  a  mile  from  the 
main  source  of  fire.  The  Chelsea  conflagration  resultefl  in 
Bimilar  experiences. 

To  resist  more  severe  exposure,  the  roof  covering  must  be 
rei!iforei>d  by  a  fire^resisting  roof  structure,  and  where  the 
walls  of  adjacent  buildings  extend  higher  than  ihe  roof  to  be 
constructed,  the  possibility  of  falling  walls  or  debris  and  the 
attendant  destruction  must  be  considered.  The  Baltimore  con- 
flagration showe<l  the  particular  ncn-essily  of  making  the  roofn 
of  low  buddings  secure  iLgainst  the  exposure  attack  caused  by 
falling  walls  of  neighboring  higher  buddings.  It  was  thus  that 
fire  gained  entrance  into  st^veral  of  the  lower  bank  buiitUngs. 

»To  confine  internal  fire  the  roof  tnust  act  as  a  perfect  barrier 
to  the  outburst  of  flame,  for  when  it  m  once  broken  through,  the 
intensity  of  the  fire  is  rapidly  increased  by  the  resulting  draught 

I  and  suction. 
In  buildings  a«  ordinarily  constructed,  the  imder  surface  of 
tlie  roof  will  receive  a  greater  concentration  of  heat  than  any 
663 
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other  surface  in  the  structure.  This  is  due  to  the  upward  rush 
of  flame  and  heated  air  by  means  of  vertical  courts  or  light  shafts 
or  stair-  and  elevator-wells. 

Classification  of  Roof  Structures  and  CoTcrlngs.* 


1. 
tion; 


Type  of  Roof 
Fire-resisting    construc- 


2.  Semi-fire-resisting: 
(Unprotected  metal  members.) 


Kind  of  Roof  Covering  i 

A.  Non-inflammable,  as  tile 
slate,  or  other  non-in- 
flammable slabs,  or 
any  mastic  or  plastic 
roofing  of  non-inflam- 
mable material. 

B.  Composition  (slag). 

C.  Prepared,  or  patent  roof- 
ings. 

D.  Non-inflanmiable  (as  A). 

E.  Copper  on  metal. 

F.  Composition  on  non-in- 
flammable backing. 

G.  Flat  tile  on  metal. 
H.   Corrugated-iron  on 

metal. 

I.   Tin  on  wood  backing. 

J.  Composition  on  wood 
backing. 

K.  Flat  tile  on  wood  back- 
ing. 

L.  Flat  slate  on  wood  back- 
ing. 

M.  Corrugated-iron  on  wood 
backing. 

N.  Patent  or  prepared  roof- 
ings. 

O.   Wooden  roofings. 

P.   Tin  roofing. 

Q.   Composition. 

R.   Shingle  (flat)  tile. 

S.    Shingle  (flat)  slate. 

T.   Corrugated-iron. 

U.  Patent  or  prepared  roof- 
ings. 

V.   Wooden  roofings. 

The  letters  in  the  above  classification  of  roof  coverings  are 
for  reference  in  grouping  only,  and  do  not  necessarily  indicate 
preference  in  the  order  named. 

*  See  Report  of  Committee  on  Roofs  and  Roofings,  *'  1908  Proceedings  of 
National  Fire  Protection  Association." 

/  JPor  a  cJaMification  of  roof  coverings  according  to  test  specificatiooa,  aee 
PMge  680. 


3.   Inflammable  Roof: 
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Flre-reslstlng  Koof  Structures  should  invariably  be  pro- 
vided for  buildinga  intended  to  be  fire-resisting  in  the  le^ast 
degree.  The  disiLstrons  results  from  using  combustible  or  unpro- 
tected steel  roof  structures  in  otherwise  fire-rcsi sling  buildings 
have  been  pointetl  out  io  Chapter  VL 

Build  ingB  of  st  ad-frame  or  reinforced -concrete  construction 
are  usually  provided  with  fire-resisting  roofs.  In  such  buildings 
the  roof  framing  and  the  roof  arches  are  made  lighter  than  the 
framing  and  arches  for  the  floors,  tia  most  building  laws  prescribe 
live  loads  to  cover  snow  and  wind,  etc.^  which  are  less  than  the 
live  loads  required  for  floor  systems.  The  dead  loati  is  also  less, 
in  that  the  partition  loads  are  omitted. 

These  reductions  in  loading  make  it  possible  to  employ  terra- 
cotta or  hollow  tile  in  the  form  of  flat  arche.H  of  shallower  depth 
than  is  ordinarily  employed  in  floor  construction,  or  light  seg- 
mental arches,  with  or  without  raised  skewbaeks.  If  a  still 
lighter  form  is  de^irabli;%  roofing  tile  or  *'book  tile"  may  be 
placed  on  tec-irons,  without  any  arches  between  the  beams  or 
girders,  provided  the  latter  are  protected  by  tile  or  concrete. 

In  concrete  construction,  the  same  general  details  are  used 
for  roofs  as  for  floors,  except  that  the  arch  or  slab  is  made  shal- 
lower and  lighter. 

For  ordinary  c-ases  of  roof  framing  the  roof  beams  are  sup- 
ported by  the  girders,  which  run  over  and  are  supported  by  the 
<H)lumns  of  the  top  story.  The  beams  and  girders  must  be  so 
arranged  as  to  give  a  sufficient  pilch  to  drain  the  water  to  the 
down  spoulSj  as  most  conveniently  locatedj  unices  saddles  or 
water  sheds  are  to  be  graded  up  with  concrete  filling. 

Fire-resisting  roof  structures  may  be  subdivided  into  four 
general  types: 

1.  Flat  roof  and  ceiling  of  top  story  formed  by  the  same  con- 
struction. 

2.  Flat-roof  construction  with  suspended  ceiling  beneath. 

3.  Pitched  roofs. 

4.  Mansatfl  roofs. 

Flat  Eoof  and  Ceiling  Combined.  —  Tliis  iypeof  roof  k  gen- 
erally hmited  to  warehouses  or  manufacturing  buildings,  where 
a  level  ceiling  is  not  necessary  for  appearance.  Unless  the  roof 
beams  are  made  perfectly  level,  as  for  a  floor,  wdth  the  roof  pitch 
made  up  in  concrete  or  other  fiUing  over  the  arches,  the  result 
is  an  irregular  pitched  ceiliiigi  due  to  the  slope  of  the  roof  beama 
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for  draining  the  roof  surface.     This  is  not  objectionable  m  storage 
or  Dianufacturing  buildings,  and  thia  form  ia  generaOy  employedj 
ill  sut^h  structures. 

Great  care  is  necessary  to  secure  the  thorough  fircproofing  of 
all  beams  and  girders,  and  the  recommendations  made  in  Chap- 
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FiQ.  27 L  —  Concrete  Roof  Constmction.  U.  S.  Public  Building,  San 

ters  XVII  and  XVII I  as  to  girder  protection  should  be  caref 
followetL 

Roof  arches  may  be  made  of  hollow  tile,  —  flat^  segmental, 
or  of  loiig-Bpan  or  combination  form, — all  as  per  types  pre- 
viously described  in  Chapter  XVII;  or  concrete  slab  construc- 
tion may  be  employed. 

Fig.  271  illustrates  the  concrete  and  expanded  metal  roof  us 
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Fjo.  272.  — CoDcrete  Roof  Cbnstruotiao,  U.  S.  Public  Building,  Loe  Ai 

in  the  United  States  Public  Building  at  San  Francisco^ 
No^  18  gauge  expanded  metal  was  laid  over  the  roof  beanas,  upon 
which  was  constructed  a  concrete  plate  3  J  inches  thick  ^  2i 
inches  above  the  expanded  metal,  and  1  inch  btiow  it»  The 
beams  were  protected  by  terra-cot ta  shoe  blocks.  The  roof 
surface  was  made  of  five  laj^ers  of  asphalt  roofing  felt  and  1  J-incb 
fiohd  flat  tile,  embed<led  in  cement. 

Fig.  272  shows  the  deck-roof  construction  employed  in  the 
United  States  Court  House  and  Post  Office  Building  at  Loa 
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Angeles,  ViA.  The  roof  .slab  is  made  of  reinfoncvl  stone  or 
gravel  concrete  varying  from  3  inches  to  7  inches  in  thickness, 
over  which  are  placed  five  layers  of  asphalt  felt,  laid  in  hot 
asphalt.  The  roof  covering  is  rnarle  of  vitrifiecl  roofing  tile 
6  by  9  by  J  inches,  beddeil  antl  jointed  in  approved  ehist ic  cement. 

Concrete  roofs  permit  the  radiation  of  heat  far  more  than 
mill-construction  or  hollow'tile  rooLn.  A  method  used  to  remedy 
this  loss  of  heat  consiKis  of  applying  a  top  coat  of  cinder  concrete, 
made  of  1  part  cement  to  10  parts  cinders,  3  inches  to  6  inches 
thick.  This  is  appUed  very  loosely  and  is  then  leveled  uf)  with 
a  float  coat.* 

Book-tile  Cfmstrueimn.  —  A  I  lighter  but  less  efficient  roof  and 
ceiling  conRtruction  than  the  foregoing  is  made  by  placing  the 
beams  sufficiently  close  togelhcr  to  carry  3-inch  or  4-inch  tees, 
upon  whicTi  are  laid  roofing-  or  "book "-tile.  Svich  blocks  are 
commonly  12  inches  wide  by  18  to  24  inches  long,  by  3  inches  to 
4  inches  thick.  Kabbeted  ceiling  blocks  (.see  later  paragraph 
"Hoofing  and  Ccihng  Blocks")  are  also  sometimes  used,  either 
solid  or  hollow,  but  for  approximately  horizontal  load-bearing 
surfaces  the  rabbetcfl  blocks  are  considerably  weaker  than  the 
book-tile.  Either  wtyh^  is  stronger  when  made  hollow  than  when 
made  sohd.  Porous  blocks  should  be  used  in  all  places  where 
the  attachments  of  flashings,  etc.,  are  required.  This  detail  is 
used  for  light  systems  of  roof  const  met  ion,  but  it  is  generally 
considered  more  expensive  than  ordinarj^  roof  arches,  especially 
for  large  areas.  The  weight  of  the  tee-irons  forms  a  large  item 
of  expense,  lus  does  also  the  added  cost  of  protecting  the  sup- 
porting beams. 

As  against  external  fire,  a  tee-iron  and  book-tile  roof  will  give 
sufficient  protection,  but  it  will  not  ofi'er  the  resistance  to  shock 
or  load  iK>sisesBt>d  by  arch  coiiKtrucI  ion.  This  is  important 
where  walls  or  portions  of  walls  of  adjacent  buildings  arc  liable 
to  fall  upon  the  roof  surface  during  a  conflagration. 

Considering  inlernal  fire,  this  construction  usually  provides  no 
adequate  protection  for  the  under  sides  of  the  tees.  Where 
ordinary  book-tile  are  used^  the  tees  do  not  project  below  the 
bottom  surfaces  of  the  terra-cot t a  blocks.  Where  rabbeted  tile 
are  employed,  the  plaster  coating  has  lilllc  or  no  bond  to  the 
iron  surface,  and  the  protection  is  only  nominal.     This  difficulty 

♦  Win.  H.  Hau«  in  "1011  Proccediings  National  Afl«iociatioii  of  Cement 
ll«rH,"  page  447. 
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of  sal  isfaf tori ly  firojiroofiog  (he  tee-irorL-^  reinliT;^  this  ty\ 
roof  unsuilahie  for  i?truclur«s  intended  to  be  of  the  best  fire- 
refiisting  construction,  unJcHs  tlio  blocks  are  rabbeted  for  soffit 
tile,  as  shown  in  Fig,  278. 

Another  objection  lie^^  in  the  comparative  thinness,  as  this 
method  doCxS  not  provide  a  good  insulatkin  against  changes  in 
temperature.  The  temperature  of  the  spaces  under  the  roof 
will  he  easily  affected  by  outside  ehaiiges,  and  condensation  wi] 
occur  under  even  s^light  diflerencea  in  temperature. 

Pronsion  for  Future  Stories.  —  In  cases  where  provision  musi 
be  made  for  future  stories  to  be  addeti^  the  roof  of  the  top  story 
may  be  eonstructed  hke  a  typical  floor,  above  which  may 
placed  (eivirons  and  book-tile,  pitched  for  waterrihai. 

Flat  Hoofs  with  Suspended  Ceilings*  —  Where  appearances 
must  be  considered^  as  in  mercantile  or  office  buildings,  hotels. 


y 


FjG,  273,  —  Roof  with  SuapeofJod  Ceiling,  U.  S.  Appraisers'  Warehouse.  N 


etc.,  a  level  ceiling  must  be  provided  under  the  sloping  roof 
Burface*  This  Is  generally  accomplished  by  suspending  a  light 
ceiling  cons  true  tion  from  the  roof  beams. 

This  does  not  change  the  roof  cons tr notion  itself  in  any  wa 
from  the  preceding  form*  The  same  general  details  are  use 
with  the  addition  of  f  he  t^uKpended  eeihng  for  the  Bake  of  ap|>ea 
ance.  Fig.  27^  .shows  the  ro^if  and  ceiling  construction  employe 
in  the  United  States  Appraisers'  warehouse,  New  York  City,  in 
which  the  roof  consists  of  a  3-iiich  plate  of  concrete,  with  ex-^ 
panded  metal  embedded  therein,  over  which  are  laid  two  layei 
of  asphalt,  ^  inch  thick  each,  for  the  finished  roof  surface.  The* 
suspendeti  eeihng  is  made  of  2~inch  by  2-inch  teeSi  suspended 
under  alternate  beams,  upon  which  rest  IJ-inch  by  IJ-inch  tees, 
spaced  16  inches  centers,  to  receive  the  expanded  metal  lath  and 
plaster. 

Other  forms  of  suspended  ceilings  axe  described  in  a  later 
paragraph. 
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Roof  Spaces.  —  Whore  a  suspondwi  cc^iling  is  usetl^  all  spaces 
between  the  eoilinj^  and  the  roof  shoiiH  be  marie  inaccessible 
and  no  pip<^  or  other  mechanical  features  should  be  located  in 
such  voids.  This  is  to  miike  sure  that  no  one  may  have  cause 
to  visit  these  places  and  leave  the  means  of  commuiucation  open. 
All  stair-wells,  skylightB  or  light-courts  which  may  extend  uj> 
through  the  ceiling  to  the  roof  level  should  be  thoroughly  ceiled 
up  between  (he  ceiling  and  the  roof  by  means  of  fire-resisting 
partitions.     These  should  extend  entirely  around  I  he  openings. 

Proteclion  of  Roof  Framing.  —  In  using  suspentled  ceilinga 
under  roofs  f>r  elsewhere,  the  ihorough  lireproofing  of  the  steel 
memberK  over  Uie  ceiling  should  never  be  ^imittcnl,  however  thor- 
ougli  the  ceiling  construction  may  be  made.  In  this  respect 
the  roof  shown  in  Fig.  273  is  open  to  severe  criticism.  It  JH  not 
safe  to  ai^isurae  that  any  ordinary  form  of  Buspended  ceiling  will 
successfully  resist  a  long-continued  or  very  severe  fire.  Metal 
lath  and  planter  or  thin  terra-eotta  ceiling  blocks  supjK>rt(Ml  on 
light  tee-irons  have  been  repeatedly  demonstrated  insufficient 
for  resisting  severe  conditions.  It  should  also  be  remembered, 
as  previously  pointwl  otii ^  that  the  roof,  or  the  (;eilirig  of  the*  top 
story,  will  receive  the  severest  test  by  lieat  of  any  ceiling  or 
floor  in  the  building,  provided  any  stair-,  elevator-or  lighl*shafta 
exist  by  w^hich  the  fire  may  travel  upward.  Under  these  con- 
ditions, the  ceiling  must  be  considered  as  just  so  much  acided 
protection  for  the  roof,  and  not  as  a  substitute  for  adequate 
fi reproofing  of  ttie  roof  itself. 

Pitched  BcMjfs  are  sometimes  employed  in  thoroughly  fire- 
resisting  buildings,  but  oftener  in  buildings  like  factories,  etc., 
which  are  either  of  mill  or  partly  fire-resisting  construction.  In 
either  case  the  pitchetl  roof  is  usually  nmde  necessary  by  the 
employment  of  roof  trusses. 

Frolection  of  Roof  Trusses.  —  Fire-resisting  buildings  in  which 
pitched  roofs  are  sometimes  used  include  armories,  churches, 
and  other  buildings  of  a  public  nature,  in  which  large  areas  are 
required  to  be  covered  by  roof  trusses  without  the  aid  of  interior 
columns.  The  tnisses  usually  support  the  rafters,  which,  in 
turn,  carry  the  purlins,  placed  close  enough  together  to  receive 
the  roof  covering. 

The  attention  bestowed  upon  the  fireproofmg  of  such  truss 
members  should  be  in  direct  proportion  to  the  importance  of 
the  service  rendered.    This  means  that  the  roof  trusses  them- 
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selves  should  receive  I  he  greale.st  cotisitleration^  next  to  whicli 
come  the  rafters  ami  then  Uh^  purlins;  for  if  I  he  trusses  fail,  the 
entire  structure^  or  roof  f>nrtion  at  lea^t,  will  suffer  almost  com- 
plete destruction.  A  case  in  point  was  the  collaprfe  of  the  roof 
trusses  in  the  Cincinnati  Chamljer  of  Commerce»  as  described 
on  page  204. 

Few  definite  rules  can  be  laid  down  for  the  successful  fire- 
pfoofin|i^  of  truss  members.  The  details  finally  adopted  will 
depend  Itygely  u[Hjn  the  spedfie  considerations  tu  be  met  and 
thf  ingenuity  with  which  the  difTieyltli's  may  be  overcome. 
In  ^enerah  it  may  be  said  that  all  truss  members  and  rafters 
should  be  surrounded  by  complete  envelopes  of  terra-cot ta  or 
concrete,  either  of  which  should  be  securely  held  in  position  b; 
mechanical  means, 

Terra-cotta  coverings  should  be  applied  in  the  same  man: 
!  described  for  beam-  and  girder-protections  in  Chapter  XVII. 
When  the  best  possible  terra-cotta  envelope  hsis  been  secured, 
all  members  should  tlipn  l>e  well  wir&I,  or  preferably  wrapped 
with  wire  or  metal  lath,  to  which  a  thick  coat  of  mortar  j^hould 
be  arjplieth  For  this  purpose,  no  better  mortar  or  plaster  can  be 
uj^ed  than  ''lire  mortar"  which  consistii  of  a  fire  clay,  without 
lime  or  cement.  This  may  be  spread  on  to  a  thickness  of  f  inch, 
and  allowed  to  dry  in  filace.  Fig.  274  indicattss  methods  which 
may  be  employed. 

If  concrete  is  used  as  the  protective  envelope,  the  various 
members  should  be  well  wrapped  with  wires  or  netting,  afl 
whi(?h  the  concrete  may  be  poured  into  the  surroutidiiig  fori 
so  as  to  give  not  less  than  li  inches  of  concrete  beyond  the 
boldest  perimeter*     The  difficulty  of  placing  forms  makes  this 
character  of  concrete  work  very  exp*'iisive. 

Roof  Surfaces,  —  For  1  he  rtwif  surface,  details  similar  to  those 
described  for  flat  roofs  may  be  employed,  witli  either  tiic  arches 
or  concrete  slabs  sprung  from  rafter  to  rafter,  or  book-  or  roofing- 
tile  laid  between  the  purlins. 

Where  terra-eot  ta  arches  are  sprung  fronj  rafter  lo  rafter  or 
from  purlin  to  purlin^  segmental  forms  are  preferable,  provided 
sufficient  depth  to  reinforce  the  haunches  with  concrete?  fill 
can  be  obtained* 

Pitched  concrete  roofs  can  be  successfully  constructed,  ai 
if  the  rafters  are  plaei'd  8  feet  centers  or  less,  no  purlins  are  ui 

try  to  receive  the  construction.     Three-inch  reinforcetl 
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bave  been  successfully  used  up  to  spans  of  6  feet  or  7  feel,  ami 
In  some  ii'iises  even  8  feet.  The  rancrete  ia  ricpoaited  upon 
w-ooden  centerings,  as  in  floor  construetioii,  and  the  upper  side 
is  smoothed  of!"  during  the  setting^  and  then  is  floated  smooth 
and  straight  to  receive  the  roof  eovering.     Uncovered  concrete 


Flo.  274.  —  Fj  reproofing  of  Stetl  Roof  TmnBB, 


ehodd  not  be  used  for  roof  surf  aces  as  the  heat  of  the  sun  will 
Boon  cause  cracks. 

Slate  or  tile  may  be  nailed  directly  to  cinder  concrete,  witlj- 
out  the  use  of  wooden  nailing  strips.  Such  concrete  holds  the 
naila  nearly  ns  well  as  does  wood.  For  roofs  where  a  nailing 
surface  is  required,  the  cinders  used  should  be  screened  through 
a  1-inch  meeh. 

f^'or  concrete  roofs,  the  rafters  and  purlins  may  be  protected 
by  surrounding  thi'm  with  concrete  at  the  same  time  that  the 
roof  slabs  ate  formed. 
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Book-  or  roofing-ti!e  may  be  used  for  the  roof  surface  as  si 
in  Fig,  274.  These  are  msMle  in  lengths  np  to  24  iDches 
page  678),  but  too  raucli  confidence  shouM  not  bo  placed  in  tin 
etrcngtti  when  made  in  mivh  long  lengttis.  To  guard  i\gm^ 
the  possibility  of  failure  by  tlie  brcniking  of  long  blocks,  esptdallT 
in  ai'mory  roofs,  etc.j  where  vibration  is  liable  to  occur,  the  beA 
wurk  requires  the  whole  under  surface  of  the  roof  to  be  coverfll 
witli  a  coarse  wire  netting  of  2-inch  mesh.  This,  wben  plastered, 
gives  a  fmished  ceihng. 

For  use  betwecm  purlins,  rjihbetwl  bkx^ks  with  soffit  tile  ure  niudi 
to  be  preferred  to  book-tile^  as  ex|>lained  in  i\  later  paragrapli. 

Where  naMing  surfaces  are  required,  as  for  slat ee,  tbe  book- or 
roofing-lOe  should  be  of  full  porous  material  witb  tbii-k  shdk 

Mansard  Hoof.H*  —  In(  lined  nicrrjiiers  for  mati.^ard  nmfii  may 
be  the  only  supports  for  the  roof  surface,  in  which  case  they  m 
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lusiially  nv,idv  of  4->  5-  or  6-incb  raftrr.s,  witli  rooting-tjle,  jjiirli- 
Ition  blocki^,  or  Rven  leiTii-cr»11a  or  cuiurTetu  arrhos  belvvi't'n;  or 
Itlie  inclined  raembera  may  snpfKirt  pvirljuHj  as  in  pitched  rcMjfa. 
[The  same  general  details  of  conatrnction  iire  employed  as  fur 
[pilcberl  rooLs,  but  *%*s  the  principal  members  of  the  mansanl 
I  usually  helj)  to  siipport  the  horizontal  roof  above,  tlit*  eoverinK 
[or  fireprooting  of  the  supporting  rafters  should  be  considered  ns 
[  imp  or  I  ant  as  that  of  tlie  trusses  or  cohinms. 

The  gentTal  eonHtruelion  t>f  the  mansard  roof  of  the  United 
[States  Court  House  and  Post  Office  Building  at  Los  Angeles,  CaL, 
[is  shown  in  Fig.  275.  A  horizontal  section  between  the  main 
Imaiisard  rafters  is  shown  in  Fig.  276,     The  tile  arches  have  one 
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Hptiklaattene^to  \i  th.  by 
5'4"wi<lc,  ab*t  Slg. 

Fia.  276.  —  Arches  between  Maaa&rd  Rafters.  U.  S.  Public  Builcling, 
Los  Ang^leji. 

\  l-ineh  tie-rod  to  eaeh  arch.     Over  the  arrhes  are  placer!  4-inph 
by  4-inch  beveled  nailing  strips,  each  secured  to  the  (de   by 

I  means  of  4  one-quarter-ineh  hook  bolts,  plaeed  in  joints  of  arch 
as  shown.     Nailing  strips  are  coated  with  hot  asphalt,  and  be- 

I  tween  them  the  tile  arches  are  finished  outwlde  with  a  1-inch  coat 

I  of  1  :  3  mortar.     The  roof  covering  is  14-ounce  hot-rolled  copper, 
secured  to  nailinji  si  rips  by  cleats. 

Seml-fire-resi fating  Roof  Strilctlires,  —  In  the  classification 
of  roofs  previously  given,  tliose  of  semi-fire-resi.'^ting  qualities  would 
inclufle  constructions  wherein  incombustible  but  unprotected  roof 
structures  are  covereii  by  roof  (-ovt^iings  poBj*i?esing  more  or  leas 
fire-resistiiryce.  Such  const ructions^wdiile  able  to  resist  the  spread 
of  distant  fire,  and  even  moderate  nearby  exposure  fire,  are  prac- 
tically worthless  for  resisting  interior  fire  of  any  severity,  unless 
the  building  is  well  sprinkled,  and  even  then  the  result  w^ould 
problematical  in  a  fire  attaining  any  great  headway. 
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Unprof-crted  Steel-roof  Structures.  —  It  is  a  vvell'ronognijsed  fj 
that  unproleeted  stccl-roof  siriicturos,  whc^lbf^r  flat  or  tnis 
an?  even  worsts  than  useless  hb  far  as  fire-rcsistanc^e  is  concei 
on  account  of  their  hability  to  "wilf  or  colhipse,  thus 
pletely  wrecking  the  building  and  adding  greatly  to  the  fire 
damage,  besides  endangering  the  firemen.  Numerous  mill  and 
factory  fires  have  .shown  sueh  results  in  trussed  roofs,  while  tin* 
Home  Htorc  Building  and  the  Roosevelt  Building,  described  in 
Chapter  VI,  were  typical  of  other  unprotected  flat  roofs  which 
have  been  quickly  and  corn  pie  tcdy  destroyed  by  &re.  Another 
example  wim  the  burning  of  the  large  machine  shop  of  the  Brown 
Hoisting  Machinery  Company,  Cleveland,  Ohio,  wherein  a  gotKl 
fire  department  and  ample  hose  streams  failed  to  save  the  bulg- 
ing, although  it  contained  Jit  tie  combustible  structural  materiiJ 
save  floors,  windows  and  roof.  The  patenting  of  ^'Ferroinelave" 
by  this  firm  (see  pages  2Gt>  and  796)  was  a  direct  outcome  i>f 
that  fire  in  an  attempt  to  secure  a  firt^resisting  roofing  mai 
which  should  prevent  similar  experiences. 

As  far  as  both  the  integrity  of  the  structure  and  the  safety  of 
firemen  are  concerned,  properly  constructed  wood  trusses,  aa 
used  in  mill  buildings,  are  preferable  to  unprotected  steel  trusses. 

Examples  of  unprotected  steel  trusses  for  factories,  machine 
shops,  etc.,  are  given  in  Chapter  IV;  while  roof  coverings  of 
satisfactory  fire-resisting  qualities,  particularly  suited  to  sucb 
constructions,  are  described  on  page  684,  etc.  (see  also,  paragraph 
"Roofs,"  Chapter  XXV,  page  795). 

Fire  Curtalng^  —  In  machine  shops,  mills,  etc.,  where  vi 
long  undivided  areas  are  spanned  by  rotif  trusses,  —  wliether 
protected  or  unprotected,  —  the  use  of  fire  curtains  is  advisable, 
They  should  be  placed  at  intervals  —  generally  between  each 
division  of  the  sprinkler  equipment.  This  will  permit  the 
sprinkler  heivds  on  each  Bide  of  such  curtains  to  be  fed  by  inde- 
pendent risers,  and  in  the  event  of  fire  the  curtains  will  jUso 
confine  the  heat  to  a  limited  area,  thus  opening  a  limite^i  numhtT 
of  sprinkler  heads,  and  thereby  preventing  t lie  overtaxing  of  the 
water  supply,  and  at  the  same  time  lessening  the  water  damage. 

If  the  building  is  not  equit)}>ed  with  sprinklers,  fire  curt 
at  intervals  will  help  stay  the  spread  of  lire  under  the  nxif 
face,  thereby  rendering  the  chance  of  control  more  likely. 

A  fire  curtain  is  made  by  covering  the  entire  area  of  a 
trma  with  a  solid  fire-resisting  construction  wliich  should 


t!y  at  the  roof,  so  that  neither  firr  nor  heat  may  pass  through 

^  or  ovr*r  it.     It  niay  bo  fonstrtjoted  of  intMal  lalh  with  cement 

L|^laster,  or  of  galvanized  eorrugaled-ii'on,  and  is  best  fai^tenod 

directly  to  the  sides  of  the  truss  ixnd  to  an  angle-iron  secured  to 

the  under  side  of  the  roof  surface. 

Attic  Spaces.  — An  attic  or  storage  place  m  frequently  pro- 
vided between  Ihe  ceiling  of  the  top  .story  and  the  roof.  In 
this  ease  the  at(ic  floor  acts  as  a  ceiUniK  and  as  a  floor  at  tiie  .same 
time,  but  Ihe  eonsfruelion  is  generally  made  lighter  than  for 
mgular  floors,  rlue  to  the  reduced  loads  which  il  it«;  intended  to 
carry.  The  clear  attic  space  varievS  aecording  to  cireumatances, 
but  it  is  frequently  made  3  feet  to  4  fc^et.  fugh  al  the  lowest  por- 
tionsj  running  up  to  even  fj  feet  or  7  feet  at  the  highest  points, 
due  to  the  roof  pitch. 

In  some  instances  the  roof  has  been  supportetl  from  Ihe  attic 
floor  by  means  of  struts,  in  which  case  the  al tic  floor  receives 
the  roof  loads,  a«  well  as  its  own  loads. 

For  a  fire-resisting  building,  or  indeed  for  any  class  of  struc- 
ture, attic  spaces  shoull  be  stufliously  avoided  wdiere  possilile. 
Huch  unfrequented  spaces  are  verj^  hable  to  be  stored  with 
rubbish  or  H^ht  materials,  which  iire  extremely  combustible; 
and  if  fires  are  once  started  in  thoise  areas^  they  are  most  inaccetk 
I  sible,  and  are  likely  to  be  little  noticed  until  of  considerable 
;  magnitude. 

If  an  attic  space  is  cy^nsidered    indispensablej   a!l:   steelwork 
j  therein  should  be  adcqualely  protecle<l.     Numerous  fires,   in- 
i  eluding  Haiti  mo  roj  have  demonstrated   the  folly  of  neglecting 
this  requisite. 

Boof  Houses*  etc*  —  In  eases  where  stair  wells  or  elevator 
shafts  are  not  surrounded  by  brick  walls,  or  where  masonry  walls 
I  are  used  but  are  not  carried  up  through  1  he  roof,  pent  or  roof 
f  houses  are  constructoti  of  stec^l  framework  and  terra-cotta  blocks, 
lor  of  concrete.  Either  flat  or  double-pitched  roofs  are  used 
(thereover,  with  or  wdthout  skylights,  as  may  be  ret|uired. 

The  stwd  framework  is  usually  made  of  vertical  3-inch  tee- 

[•irons,  s[>aeed  about  \H  inches  centers,  with  angles  at  tlie  corntTft 

nd  at  door  or  window^  openings.     A  horissoida!  frame  or  plate 

Qade  of  angles  or  channels  surrounds  the  top,  imd  provides  a 

Iseat  for  the  skylights  or  roof  tees  or  beams. 

In  pent  housejs  surrounding  elevator  shafts,  where  the  sheave 
earns  are  connected  to  the  pent-house  frame,  thus  causing  con- 
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etant  vibration^  the  flanges  of  the  tee  uprights  sIm>u1<1  be  plactn 
on  the  inside.     The  blocks  are  then  phM?ed  from  the  outiside,  aud 
if  they  become  loose  from  vibration,  the  tees  will  prevent  tbeif 
falling  inward,  while  the  outside  covering  of  tin  or  copper  will 
keep  the  tile  hugged  in  place. 

The  same  construction  is  often  employed  for  "skylight  eurbe,'^ 
where  skyhghta  are  placed  several  feet  above  the  roof  Isv^  sa 
dcBcribed  under  following  parag;raph  **Skyhghts.'' 

AH  doors  and  windows  in  roof  houBce  of  fire-resKSting  buildings 
should  be  *' standard^"  b&  described  id  Chapter  XIV. 

Scattles.^ 

ConMructian,  —  (a)    If  on   buildings   of  fireproof  const  rtic- 
on  to  be  of  (1)  Ko.  12  gaug^  sheet  iron  or  steel,  reenforccnl  by 
by  2-by  i-inch  an^Ie  iron,  or  (2)  double-battened  wood,  stand- 
^ard  tin-clad  on  all  sides,  edges  and  in  all  angles,  and  be  provided 
with  proper  chafing  plates  where  fitting  over  csombing, 

(b)  If  on  buildings  of  slow-burning  construction  t^  be  as 
noted  under  fa),  this  section,  or  of  double-battened  wood,  tin- 
clad  on  the  outside,  the  tinning  to  return  over  the  lower  edges. 

(c)  On  other  buildings,  if  not  in  accordance  with   the  fore- 
oiDgf  to  be  thoroughly  tin-clatl  on  the  outside^  the  tinning  to 

I  over  the  lower  edges. 

Fastening.  —  All  scuttles  are  to  be  fastened  by  means  of 
strong  steel  or  wrought-iron,  galvanized  hinges,  bolted  to  scuttle^ 
1  combing  or  roof.  ~ 

Stops,  —  All  scuttles  to  be  provided  with  suitable   stop 
consisting  preferably  of  a  strong  chain,  bolteti  to  scuttle 
combing,  allowing  the  scuttle  to  open  slightly  beyond  a  vertic 
position. 

Ladders.  —  Pemmnent  ladders  should  be  provided,  giving 
access  to  scuttles.*  

SiQ'llgllts*  —  CoT^strudion, 

(aji  For  all  skylights,  plane  or  inclined  not  over  45  degrees, 
to  be  either  of  standard  wired  glass  not  less  than  i-inch-thick  or 
I'inch-thick  glass  protect^  with,  approved  irire^iicrirns.  Panes  to 
be  not  over  18  or  20  inches  wide,  and  not  to  exceed  720  square 
inches  in  area.  " 

(b)  For  vertical  skylights  or  sash,  or  such  as  are  incUnd 
at  an  angle  of  over  45  degree,  may  be  wired  glass  as  noted  undfl 
(a)  J-inch-thick  glass  without  screens,  or  glass  not  lt^*«  tha 
i  inch  thick,  proWded  the  sash  or  skyliglit«  are  protected 
suitable  screens. 

(c)  For  vertical  skylights  or  sash,  or  such  as  are  inclinil 
at  an  angle  of  over  45  degrees^  when  exposed  in  such  a  ma 

*  From  **  Rul^  and  RequiremeatA  of  Lhe  Nairoti&]  Boftrd  of  Fire  Und 
wnten"  covering  "Skylights/*  etc. 
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i^  the  wall  oponingi^  in  l>yildinga  woulil  require  stanJaril  fire 
Setters  or.st urn  lard  wiretl  gkiss  (or  rlnore)  against,  such  exposures, 
standard  wired  g\iisA  only  nui.st  he  used. 

(d)  For  skylights  over  fireproof  stair,  elevator,  dumbwaiter, 
air  or  similar  i*hafto5,  not  over  |-inch  gltuss,  either  on  top  or  at 
sides  of  cupola  skylight,  if  surmountetl  by  tijat  typt*,  protected 
by  suitable  screens. 

(e)  For  skylights  over  stage  sections  of  theitters  not  over 
|-inch  glasSj  protected  by  suitable  screens. 

Note.    Subfltltutcs  for  glass  axjrh  as  wire  clcjth  with  a  roating  of  tranalucent 
combustible  subatantMs  or  HimiJar  materials  are  not  approved. 
Sash. 

(a)  Maleriah.  —  Sa.^h  to  be  constructeci  eulirely  of  metal, 
either  galvanized-iron,  wrought-iron  or  angle-iron, 

(b)  CottHlrudioTi. — To  be  constructed  with  interlocking 
Beiims  or  rivets  in  accordance  with  the  rules  and  requirements  of 
the  National  Board  of  F'irt^  Underwriters  for  w\viH\  glas.H  windows* 

(c)  Gliizing. — (J lass  to  be  secured  to  the  sash  by  means 
of  metal  strips  held  in  position  hy  boltw  or  screws  In  such  a  man- 
ner as  to  form  joints  sufficiently  elastic  to  allow  for  proper  expan- 
sion ami  contraction,  and  to  be  weatherproof. 

Frames. 

Frames  for  low,  flat  or  small  cupola  skylights  to  be  entirely 
of  galvanized-iron  secured  to  angle-irons,  all  properly  riveted 
together  and  securely  fastened  to  ix>of.  All  joints  to  be  tight 
and  weatherproof. 

Curhfi  for  Skyligfils. 

(a)  If  on  building^s  of  fireproof  construction,  to  be  con- 
structed of  aj>proved  fireproof  materials  reenforceil  with  angle- 
iron  pnji>erly  protected  by  approved  fireproof  material. 

(b)  If  on  buildings  of  slow-burning  construction,  may  be 
either  (1)  of  not  less  than  4-  by  4-inch  framework,  filled  in  with 
brick,  terra-cot ta,  cement  or  other  approved  fireprtwf  materiak^ 
tin-clad  on  the  outside;  (2)  double  boarded,  tongued  an<i  grooved 
boards  at  right  angles  to  each  other,  tin-clad  on  the  outside;  (3) 
of  not  less  than  23-inch  tongued  and  grooved  or  spiined  plank, 
tin-clad  on  the  outside. 

(cj  On  all  other  buildings,  if  not  in  accordance  with  the 
foregoing^  to  be  thoroughly  tin-clad  on  the  outside. 

(d)  Curbs  must  be  securely  f listened  to  framework  of 
rmjf ,  and  when  on  roofs  of  joiated  construction  must  be  supported 
on  douliled  joists.* 

BoDflfig  and  CeUlniiC  Bloeks.  —  Hollow-tile  blocks  used  for 
roofing  and  ceiling  purposes  are  made  in  three  distinct  patterns^ 
m2,,  *' book-tile,"  which  have  either  tongue  and  groo%^c  edges 
or  curved  edges,  thus  rescmbUng  llie  shape  of  a  book,  —  roofing 

•  For  further  Rulea  and  Requirements  covering^  Monitor,  Saw-tooth  and 
Theater  Skylights,  etc.,  sec  n^gulationa  coveiiDg  '*Skyliglita, ''  National  Board 
of  Fire  Underwriter*. 
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blocks,  or  plain  rectangular  tile  similar  to  thin  partition  blocks,  — 
and  rabbeted  blocks,  usually  called  ceiling  blocks.  These  three 
types  are  shown  in  Pig.  277,  A,  B  and  C  respectively. 

Book-tile  and  roofing  blocks  are  made  of  porous  or  semi-porouB 
material,  in  the  following  standard  sizes  and  weights: 

3  X  12  X  18  inches  —  20  pounds  per  square  foot. 
3  X  12  X  20  inches  —  20  pounds  per  square  foot. 

3  X  12  X  24  inches  —  20  pounds  per  square  foot. 

4  X  12  X  24  inches  —  22  pounds  per  square  foot. 

If  the  roof  is  approximately  flat,  and  covered  with  felt  or  com- 
position roofing  or  with  concrete,  3-inch  or  4-inch  blocks  accord- 
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Fig.  277.  —  Roofing  and  Ceiling  Blocks. 

ing  to  the  weight  and  span  are  commonly  used.  Three-inch 
blocks  are  generally  sufficient.  If  the  roof  has  a  considerable 
slope,  as  in  mansards,  or  if  roofing  tile  of  slate  or  other  material 
are  to  be  attached,  the  blocks  should  be  3-inch  full  porous,  with 
exterior  shells  not  less  than  1 1  inches  thick. 

If  saddles  are  necessary  to  care  for  drainage,  they  may  be 
made  by  concrete  filling,  but  for  most  roof  coverings  the  top 
surface  of  book-  or  roofing-tile  construction  will  be  found  smooth 
enough  without  top  concreting  or  cementing,  provided  all  top 
joints  are  well  pointed  and  provided  uneven  surfaces  are  finished 
flush  with  well-troweled  cement  mortar. 

The  supporting  tees  should  be  spaced  one  inch  wider  than  the 
length  of  the  blocks.  Thus  for  the  usual  24-inch  block,  the  tees 
should  be  placed  25  inches  centers. 
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If  the  constructioti  is  as  shown  in  Fig.  277,  A  or  B,  no  protec- 
tion is  aPfonifcl  the  soffits  of  the  tees,  as  even  a  very  thiek  coat 
of  planter  on  the  under  aide  of  the  book  tile  will  not  givt'  iriore 
than  a  fikim  coat  under  the  tees.  If  inatle  as  per  Fig.  277,  C, 
the  plastering  will  cover  the  tee  soffits?^  but,  having  no  bond,  it 
is  of  little  value.  For  such  cases^  especially  if  the  toe  flanges 
are  wde,  they  may  be  wrapped  with  wire  lath  before  the  blocks 
are  set.  Tliis  will  form  a  key  for  the  |)lasteriug,  but  even  this 
detail  is  not  efficient  for  eonditiona  of  any  severity.  To  realiy 
protect  the  tees,  4'inch  rabbeted  blocks  ahould  be  used^  as  shown 
in  Fig.  278.     Sueh  blocks  are  made  to  drop  one  inch  below  the 
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Fio.  27%.  —  Eabbetted  Hoofing  Blocks. 


tee  flanges,  thus  allowing  the  use  of  shoe  tile  or  soffit  tile,  as  in 
arch  construction. 

Ceiling  blocks  are  made  of  all  grades  of  tile,  of  the  following 
standard  sizes  and  weights: 


2  X  12  X  16  inches 
2  X  12  X  18  inches 

2  X  12  X  20  inches 

3  X  12  X  16  inches 
3  X  12  X  18  inches 
3  X  12  X  20  inches 

3  X  12  X  24  inches 

4  X  12  X  24  inches,  porous,  IS  pounds  per  square  foot. 


11  to  12  poimda  per  square  foot. 


■  14  to  20  pounds  per  square  foot. 


In  sccond-elasi5  construction,  where  it  is  desirable  or  obhgatory 
to  provide  a  more  or  leas  fire-resisting  ceihng  over  boiler  rooms, 
bake  ovens,  or  drjing  roon:is,  etc,  2-inch  ceiling  blocks  are  fre- 
quently used.  They  are  fa.stened  to  the  wood  joists  by  means 
of  wire  nails  or  screws  which  psosfi  through  metal  washers,  placed 
under  the  ceiling  blocks  and  hipping  the  joints. 

Gypsum  Roofing  Block^s  are  made  soKd,  of  the  following  sizes: 


L  2  X 

3X 


2  X  15  X  24  inehe.^  - 

3  X  15  X  24  inches  - 


9  pounds  per  square  foot. 
13  pounds  per  square  Coot. 


FIRE   PREVENTION   AND   PTRE   PROTECTION 


680 


Roof  Coverings,  —  Clasaifimlion  and  Teals  of. —  The  Nation 
Fire  Prott  ftiaii  AsH:oniution\s  '*8tiin<larfl  for  Roof  Coverings  afl 
Test  Spec i float  ions  for  their  Classification  *^  * 

is  design erl  to  affor<l  a  nicnTi!?  of  cla«^sifying  any  type  of  roof 
covering,  infleptMidently  of  ttie  roof  struct ure  upon  which  it  id 
applie<i,  by  the  establLshmeiit  of  nix  general  gi'oupa  or  t:lti.sse^H 
These  classes  are  so  gnided  thut,  the  mo f  coverings  cinalifyinjB 
uruler  them  are  rlassifiVil  in  accanhinve  with  the  iinioimt  of  pr<^^ 
tection  iififfinli^i  the  rfiof  strufture.     The  chu^Nea  are  t\«?tal-)lished 
by  the  adoi>tion  of  litiiiting  test  requirements  for  e^ch  elass,* 

This  elassiricatton,  which  h  subdivided  to  distinguish  between 
thone  coverings  which  are  ap|ilicable  to  all  cltusses  of  roof  struc- 
tures and  those  which  are  limited  to  certain  inclinalions  or  forms 
of  roof  structures,  may  be  briefly  summarized  as  follows: 

Chss  A. — To  include  roof  coverings  which  afford  a,  \'crv 
Iiigh  degree  of  fire  protection  to  Ike  roof  structure;  whic^h  are 
not  readily  flammable;  which  do  not  carry  or  communicate  fire; 
which  do  not  give  o(T  flammable  vapors  or  gaaes  in  large  vx»liune 
when  exjKi.seil  to  high  tcmperaturcK;  whicfi  possois  no  flying 
brand  hazard;  which  possess  consitlerable  hianketing  influence 
upon  fires  within  the  building;  and  wfnch  an^  dyrable  and  require 
repairs  or  renewals  only  at  very  infreciuent  inter^'als.  .  .  . 

ChsH  /?.  ^  To  include  roof  C(jvcrinKs  wtdch  alTord  a  high 
degree  of  fire  protection  to  the  roof  structure;  which  are  not 
readily  flammable;  which  do  not  carry  or  communicatt»  lire; 
which  possess  little  or  no  flying  l>rand  hazard;  which  possess 
considerable  blanketing  influence  upon  fires  within  the  buildings; 
and  which  are  durable  and  do  not  require  frequent  repairs  or 
renewals.  .  .  . 

Class  C.  —  To  inchide  roof  coverings  which  afford  a  mod- 
erate dcgrt^  of  hrc^  protraction  to  the  roof  structun?;  which  are 
not  readily  flammable;  which  do  not  carry  or  communicate  fire; 
which  possess  little  or  no  fiying  lirand  hajinrd;  which  p<Lsses9 
moderate  blanketing  influence  to  fires  witliin  the  building;  and 
wliich  are  durable,  but  which  require  renewals  at  fairly  infrequent 
intervals.  ... 

Class  D\  —  To  include  roof  coverings  which  afford  a  slight 
degree  of  fire  protection  to  the  roof  structure;  which  are  not 
readily  flauunable;  which  do  not  readily  carry  or  communicate 
lire;  wliich  possess  a  moderate  flyiog  brand  hazard;  which  pos- 
sess Uttlc  blanketing  influfnec  upon  fires  within  the  Ituilding,  and 
which  require  repairs  or  renewals  at  fairly  frequent  inferv^sils.   .   .  . 

Ctam  K.  —  To  iochidc  roof  coverings  wliich  afford  little  or 
no  fire  protection  to  the  roof  structure;    which  are  not  readily 
flammable;    which  do  nf>t  readily  carry  or  commmdcat-e  fire;] 
which  possess  a  moderate  flying  brand  hazard;    which  posjjessj 
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little  nr  nil  blEiriketing  influenre  upon  fires  witliin  hiiilcJin^^;  and 
whidi  amy  roquirc*  repairs  or  rcrievvals  at  fairly  frequent,  inter- 
vals. ...     ^ 

Clasg  F.  —  To  iiii'luiie  roof  roverings  which  afTonl  htrl« 
or  no  fire  protection  to  the  roof  structure;  whieli  an^  reitdily 
nammable;  which  will  rapidly  carry  and  communicate  fire; 
whicli  possess  n\oY(*  or  Ii.hs  .severe  Hying  brand  hazard;  wtiir^h 
po.ssess  little  or  no  blanketing  influence  to  fires  within  tlie  build- 
ing; and  whit  h  may  require  Repairs  or  tienewals  at  fairly  frequent 
intervals. 

The  Teat  Specifications  require  that  roof  coverings,  before 
receiving  chiSBifi cation,  shall  be  Kubjected  to  testa  and  investiga- 
tions as  follows: 

L   Flame  Exposure  Tests. 

2.  Burning  Brand  Tests. 

3.  Radiation  Tests. 

4.  Investigation  to  determino  the  permanence  and  quality 
of  the  raw  materials  employed,  the  w^eathering  propertieH  and 
the  neee-ssity  for  repairs  and  reninv^als  in  the  roof  covering  as 
applied  to  the  rfjof  structure. 

5.  Additional  tests  may  he  callt'd  for  when ^  in  the  judgment 
of  the  Underwriters'  LaboratoriciHj  Incorporated,  they  are  deemed 
necessary. 

For  the  convernence  of  diseuBsjon^  roof  coverings  perlinent  to 
a  handbook  of  this  eharaeter  may  be  divided  into  two  general 
dftj^es: 

1.  Those  suitable  for  use  on  fire-resiHting  roof  >itructures,  (a) 
flat,  (b),  pitched. 

2.  Those  suitable  for  use  on  st^nii-firc-resisting  roof  strueturcs 
usually  pitched. 

Weiu*  or  deterioralion  will  often  seriously  impair  the  fire-pro- 
tection value  of  a  roof  covering,  so  that  the  weathering  and  wear- 
ing qualities  become  of  vital  concern^  not  only  as  regartls  renewal 
and  satisfactory  service  under  on  Unary  conditions,  hut  as  affeet- 
ing  the  fire-resist  a  nee  as  well. 

Coverings  Suitable  far  Flre-resi sting  Roof  Structures/ — 

Fiat  Roofs,  or  those  pitched  only  enough  to  drain  properly^ 
may  be  covered  with  brick,  vitrified  rofifing  tile,  slate  tile,  com- 
position or  slag,  or  incorid^ustible  prepared  or  patent  roofings. 

Brick  Surfacingfi  are  thoroughly  fire-resisting  and  extremely 
durable,  and  should  easily  ciualify  for  Class  A.  Only  their 
excessive  weight  Iulh  prevent txl  a  more  extended  use,  but  if 
economy  need  not  be  especially  considered,  their  ue«i  \a  X,'^  Vi^ 
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highly  recommended  for  rot^f  flecks  with  pitch  Dot  oxeeoding^ 
one  inch  per  foot.     The  cost  is  about  the  same  as  for  vitrilied  tile. 

The  roof-structure  surface  should  first  be  coated  with  not  lesa 
than  140  pounds  (pfit  100  square  feet)  of  beat  quality  hot  pi 
cement  or  asp] i alt  cement-  The  bricks  are  then  laid  on  edge 
Portijmd  cement  mortar,  and  after  all  joints  are  well  set,  a  sui^ 
face  mopping  of  not  le-ss  than  40  pounds  (per  100  square  feet) 
of  cement  is  applied.  This  mopping  may  be  omitted  wher»>  the 
brick  are  set  in  mas  tie-tile  cement. 

Viirijied  Roofing  Tile  are  usually  one  inch  thick^  and  G  by  9^ 
9  by  9,  or  9  by  12  inches  in  size.  They  weigh  about  9  pounds 
per  square  foot.  They  are  both  durable  and  fire-resist  in  g,  and, 
when  laid  to  a  very  f?light  pitch  —  preferably  not  over  one- 
fourth  inch  per  foot  —  would  be  includetl  in  Class  A.  For  a 
pitch  exceeding  one-fourth  inch  per  foot,  especially  under  the 
heat  of  a  fire  or  in  A^ery  hot  weather,  the  tife  are  apt  to  sOp, 
causing  a  buckling  up  at  joints. 

They  may  be  laid  flat,  exactly  the  same  as  previously  described 
for  brick,  except  that  they  should  be  bedded  in  a  one-inch  layer 
of  Portland  cement  mortar,  or  in  one-quarter  inch  or  more  of 
mastic-tile  cement.  Or^  after  making  the  roof  surface  perfectly 
smooth,  six  thicknesses  of  Xo.  i  wool  roofing  felt  —  weighing 
not  leas  than  15  pounds  per  100  square  feet  —  may  be  laid, 
cemented  not  less  than  9  inches  between  each  layer  with  roofim? 
cement.  The  tile  are  then  bedded  in  a  layer  of  aetinolite  cement, 
the  joints  being  made  with  marrnolite  cement. 

Slate  Tile  are  made  of  squares  of  blacky  purple  or  green  slalf, 
with  planed  under  surface,  and  planed  and  rubbed  top  surface  and 
edges.  They  are  usually  |  inch  or  I  Inch  thick,  by  12  b^^  12  iuchi's 
in  area.  Tile  12  inches  by  IS  ineLes  are  sometimes  used  to  give 
fewer  joints.  They  make  a  most  excellent  roof  covering,  at  a  c( 
about  equal  to  vitrified  tile,  and  would  be  included  in  Class 

The  usual  method  of  laying  consists  of  an  under  water] iroofinj 
made  of  five  thicknesses  of  either  tarred  felt  or  asphalt  felt 
mopped  between  each  layer  with  roofing-cement  asphalt.  The 
tile  are  then  bedded  and  jointed  in  refined  Trinidad  asphalt. 
Practical  roofers  advise  a  pitch  not  exceeding  J  to  J  inch  per 
foot,  on  account  of  possil^le  buckhng,  as  explained  for  vitrifitjd 
tile-  For  a  square,  or  100  square  feet,  the  weight  according  to 
the  above  specifications  would  be  75  pounds  for  felt,  150  poun^ 
for  asphaJt,  1300  pounds  for  slate,  or  15i  pounds  pei*  square  U 
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Compositiun  Graml  or  Slag  Roofs  are  laid  on  a  concrete  8ub- 
Burface,  either  concrete  roof  slabs,  or  concrete  surfacing  over 
hollow-tile  arches.  A  wator[)roofing  layer  of  five  tJiicknessea 
of  felt  is  then  apphf'fl.  (^xactly  the  8ame  us  for  slate  tile^  above 
described,  except  that  a  iieavy  pouring  —  about  |  inch  —  of  hot 
asphalt  or  coal-tar  pitch,  with  gravel  or  finely  broken  slag  em^ 
bedded  therein,  is  substituted  for  the  tile. 

Not  lef?s  than  200  ptiunda  of  pitch  or  asphalt  cement  per 
1(K>  square  feet  of  completed  roof  to  be  used  on  inclines  less  than 
2  inches  to  the  foot^  nor  less  than  160  pounds  to  each  100  aqusu-e 
feet  on  surfaces  exceeding  2  inches  to  the  fiK)t.  Quantity  to  be 
varied,  according  to  roof  incline.* 

The  slag  or  gnivel  to  be  of  such  a  grade  that  no  particlea 
are  to  exceed  five-eighths  of  an  inch  or  be  less  than  one-fourth 
of  an  inch  in  size,  and  drj"  and  free  from  ail  dust  and  dirt. 

Not  less  than  300  potmds  of  slag  or  400  pounds  of  gravel 
to  be  used  per  100  sq^uare  feet. 

la  cold  weather  it  must  be  heated  immediately  before  using 
and  must  be  apphed  perfectly  dry  and  while  cement  m  hot.* 

This  covering  would  probably  come  under  Class  B  when 
applied  either  to  fireproof  or  combustible  roof  decksf  and  where 
applied  at  inclines  not  exceeding  3  inches  to  the  foot. 

Note.  —  It  should  be  explained  that  the  specification  for 
this  particular  type  of  rocif  covering  nominates  the  beat  possible 
practice  in  the  construction  of  a  so-called  tar  and  gravel  roof. 
The  specifications*  for  tlie  felt  and  pitch  are  rigid,  and  calJ  for 
the  use  of  a  large  quantity  of  pitch  and  gravel.  Coverings  which 
depart  from  this  specification  by  reducing  the  quantity  of  gravel  | 
on  the  surface  and  the  quality  of  felt  and  pit<?h,  will  undoubtedly 
take  a  lower  chLssification*  In  fact,  many  of  these  coverings 
are  hable  to  aid  in  tlie  spread  of  fire  over  their  surfaces,  and  after 
being  subjected  to  the  w^eather  for  several  years  will  affortl  but 
little  protection  to  the  roof  deck. 

The  limitation  relative  to  the  height  of  incline  is  considered 
to  be  the  ntiximum  aHouable  height.  It  may  develop  from  the 
field  examination  that  it  will  be  necessary  to  decrease  this  limit,  f 

Prepared  Roofing:  Asbestos  Fell.  —  There  are  a  number  of  pre- 
pared asbestos  roofings  and  also  so-called  built-up  asbestos  roof- 
ings which  are  sold  ready  to  lay,  for  either  combustible  or 
non-combustible  roof  structures,  A  specific  type  of  this  prepared 
roofing,  made  up  of  plies  of  asbestos  felt  paper  cemented  together 
with  an  asphaltic  cement,  ''will  fall  in  Class  B  when  applied  to 
incombustible  roof  decks  and  possibly  in  Class  C  when  appUed  to 
combustible  decks.  *^t 

*  Rpport  of  Committee  on  Knofa  and  Eoofiiiga,  "1908  Procecdinga  ol 
National  Fire  Pmteetion  A&sooiaTion/'  page  139. 

I  *'1911  Proceedinga  of  Nalional  Fire  Protection  Aaaociatioti,"  vikis,^  VV. 
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PUcked  Roofs.  —  The  previously  described  roof  coverings  -I 
except  preparc»(J  roofings  of  asbestos  felt,  etc.,  which  are  conai 
ered  apijhc!d:>le  to  practically  any  incline  —  should  not  be  used  on 
roofs  having  any  considerable  pitc^h.     Whore  tlio  previously  me 
tioned  inclines  are  excectledj  covering.s  niuy  be  as  fallows: 

If  the  subsurface  is  of  stone  conf-reic,  prepared  roofings  may 
be  directly  applie+lj  or  cop|>c"r  may  be  attached  to  naihng  stripa 
as  shown  in  Figs.  275  and  -TtL 

If  cinder  concrete  is  used,  either  for  the  entire  roof  slabs  i 
as  a  filling  over  hollow -tile  arches,  or  if  full-porous  terra^-cotta 
book-tile  are  ust^tl,  tlie  roof  covtTing  may  be  made  of  iiatuis 
slate  shingles,  clay  tilcj  or  iusbestoa  rooKng  shingles,  nailefl 
Vitrified  clay  tile  are  made   in  a  great  variety  of  forms, 
ribbed  and  corrugated;   but  tliose  of  j^ome  interlocking  patt0 
are  best.     Clay  file  will  resist  fire  betler  niaii  uulural  slate. 

Coverings  Suitable  for  Sonil-itre-resisting  Roof  Strur-j 
tlires  include  natural  slate,  interlocking  tile,  ti^sbestoa-cormgata 
sheathing^    iuibcstos-proteeted  metal^  and  *'Ferroinchive." 
roof  structures  of  this  character  usunlly  consist  of  mclal  roof 
trusses,  purlins  must  be  provided  at  sufficient  intervals  to  ret^i^ 
the  CO V cH  ng  contem  i  il ated . 

State  Shinghs  should  not  be  used  for  slopes  less  than  40  ( 
grees.     A  very  satisfactory  fastener*  for  attaching  the  slate  j 
the  T-iron    purhns,    as    used  on   many    United    States    G< 

ernmcnt  and  o(  brr  pnvi 
buildings,   is  illustrated   in* 
Fig.    279.      For    slates   2* 
inches    long    as    gonerallj 
used,  with  a  3-ineh  lap  > 
lop  shite  over  hot  torn  slii 
Itie  purlins  should  be  sim 
10  5  inches  centers.     A  til 
coating  of  i>hister  is  usim 
applied  to  the  under  sideojj 
the  slating  and  around  i 
purlins,  to  prevent  the  | 
tration  of  cold  and  draughts. ' 
One-quarter     inch    thii 
Blates  —  wiiich  should  be  a  minimum  thickness  —  laid  as  aJ 
'  will  weigh  10  pounds  per  square  ftiot  exclusive  of  purlina  orplasti 
*  Patented  by  JoUu  FiiT^^viliiiT's  Sons.  Boaton^  Mass, 


•  SJT 


Fia,  27ft.  —  Attacbmsnt  of  Slate  Sliiugles 
to  T-Irou  Purlins. 
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Roofing  Tile.  —  Those  of  iiiterlQckinp;  types  may  h.?  laifl 
directly  an  steel  purlins  without  sheathing,  much  iis  (k\sorib<'d 
above  for  sUile  nhiiigk\s.  Tliey  are  usually  fa^steoiYl  to  the 
angle  or  tee  purlins  by  Tiieans  of  ciofjjjer  wiri^s  whirli  are  run 
through  picreed  lugs  in  the  lower  entls  of  the  tile. 

Asbestos-corrugated  Sheaihifig  has  prev^iously  been  described 
(see  Chapter  VIJ,  page  2(5-1). 

Ashffstos'prokctcd  Metal  haa  al^ been  described  in  Cliapter  Vll, 
page  268. 

*^ Ferroinclave^*  haa  been  describeil  and  illustrated  in  (■hapter 
VII  (see  page  269),  When  used  as  a  roofing,  the  sheets  are  sup- 
ported Ijy  purlins  made  of  any  suitable  stet^I  sedions,  but.  Ts 
or  eh  annelid  are  proforable.  The  mo^t  eeonomiral  s|}ainng  for 
these  is  4  feet  IQh  inches  eenlers,  the  same  as  for  siding.  Along 
the  tops  of  all  purlins  are  plaeed  a-inch  square  hardwood  strips, 
upon  whieh  Ihe  ferroinclave  sho<»t.s  are  laid.  The  sheets  are 
then  attached  to  the  purlins  every  10  int.hes  by  meunH  of  clijxs, 
varying  in  shape  according  to  the  section  of  purlin  used.  Special 
cross  ties  or  steel  straps  are  clamped  across  the  side  laps  every 
two  feet. 

After  the  metal  sheets  are  all  in  place,  the  upper  surface  is 
plastered  with  a  mortar  ma<le  of  one  part  Portland  cement  to 
from  iwo  to  two  and  one-half  fiarls  of  sand.  For  purlins  spaced 
4  feet  104  inches,  this  coating  should  be  one-half  inch  thick 
above  the  tops  of  the  corrugations.  This  thickness  must  be 
incrt^ased  with  increased  spacing  of  purlins.  When  the  upper 
coating  has  tlvoroughly  set,  the  under  side  is  coated  with  the 
game  mixture  of  mortar  (with  the  tulditiorj  of  a  small  amount, 
of  hair),  applied  f-incli  thick  below  the  corrugations.  It  shotild 
be  applied  in  three  coats,  eai'h  succeeding  the  previous  one 
before  the  latter  is  set.  This  [plastering  should  be  well  pushed 
in  between  the  tops  of  the  purlins  and  the  under  sides  of  tht^ 
sheets,  as  it  is  for  this  reason  that  the  f-inch  square  wood  strips 
are  used. 

If  the  roof  is  of  slight  pitch,  a  covering  of  tarred  felt  and  slag 
or  gravel  should  be  appliefl.  If  the  inchne  exceeds  3  inches  per 
foot,  some  preparer!  roofing  is  advisable. 

The  weigh!  of  a  1 2-inch  roof,  exclusive  of  waterproof  covering, 
is  Uj  pounds  p(T  scjuare  foot.  The  construction  deseribwl  is 
capable  of  carrying  an  ultimate  distributed  load  of  300  pounds 
per  square  foot,  after  ten  days. 
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A  comparison  between  the  coat  of  ^*ferroinclave^^  roofing  and 
tar  and  gravel  over  wocid  sheathing  is  given  in  Chapter  XXV, 
page  790. 

Flre^resf sting  Coverings  Suitable  for  Wooden  Boof 
Structures,  and  to  be  recommended  as  substitutes  for  wood 
sliingles,  include  naturjil  slate*,  and  corrugated  or  interlocking 
clay  tile  as  previously  described,  —  except  that  they  may  be 
nailed  to  the  wood  sheathing^  —  and 

Asbestos  Roofitig  Shingles.  —  These  are  made  of  asbestos  fiber 
and  hydraulic  cement  (as  described  in  Chapter  VII,  page  263) 
in  a  variety  of  shapes,  sizes  and  colors.  After  the  wood  sheath- 
ing has  been  covered  with  1-ply  slaters'  felt,  the  shingles  are 
nailed  on  by  means  of  copper  naila  or  clinchers  according  to  the 
*^ American*'  method,  —  that  Ls,  ordinary  shingle  fashion, — or 
according  to  the  "French^'  or  diagonal  method.  Inclines  less 
than  4  inches  per  foot  are  not  to  be  recommended* 

Asbestos  roofing  ahingle.s  are  tough  and  yet  more  or  less  elastic, 
besides  possessing  very  considerable  fire-reaistance.  An  ex- 
perimental fire  test  made  in  Boston,  1910,  of  wood  studs  and 
sheathing  covered  partially  by  wooil  clapboards  and  partially  by 
asbestos  shingles,  developed  most  excellent  fire-resisting  qualities 
as  far  as  the  latter  were  concerned.  These  shingles  wdll  un- 
doubtedly have  a  greatly  extended  uw:*  aa  tlie  dangers  of  wood 
.  fihinglea  become  more  generally  realized,  and  ea  the  latter  become 
'  prohibited  within  fire  hmits,  as  is  now  the  case  in  several  cities. 

Suspended  Ceilings  under  Boors.  —  The  general  efficiency 
of  suspended  ceifings  has  been  discussed  in  Chapter  XI,  page  343, 
and  various  forms  of  ceiling  construction  have  been  described  in 
connection  with  terra-cotta  and  concrete  floor  systems  in  Chap- 
ters XV'^n  and  XVIII.  Hence  ceihngs  of  large  areas,  as  under 
roofs  over  entire  top  stories,  will  alone  be  considered  here,  al- 
though the  following  details  of  construction  are  equally  appli- 
cable in  many  ways  to  ceilings  euBpended  beneatli  fioors. 

Suspended  ceilings  consist  of  light  metal  frameworks  arrangt"d 
to  support  2-inch,  3-inch,  or  4-inch  ceiling  tile  of  terra-eotla, 
more  commonly,  simply  metal  lath  and  plaster.  In  some 
resisting  buildings  the  roof  and  ceiling  have  both  been  made  of 
hollow-tile  arches,  each  of  independent  construction,  but  lighter 
than  the  floors.  This  is  not  necessary  for  either  strength^  appear- 
ance, or  efficiency.  If  the  roof  is  made  of  suitable  couBtructio 
with  nil  supporting  membera  carefully  protected,  a  suspendd 
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HHB&g  is  all  that  is  necessary  to  fill  usual  requtrement^  pro- 
^^^^d  approved  methods,  m  u^sed  by  the  best  nietal-lathinR  con- 
cerns, are  followed.  Too  much  skimped  work  of  this  character 
»has  been  done. 
Points  requiring  special  attention  include  Iho  size  and  spacing 
of  the  furring  members,  - —  whicli  should  be  aiatle  heavier  than 
are  commonly  used,  —  the  size  and  support  of  hangers,  and  the 
attachment  of  the  melal  lath  to  the  furring.  Concerning  the 
latter  poinU^  Mr*  A.  L.  A.  Himmeli^Tight  gives  the  following 
deductions  from  liis  study  of  suspended  ceilings  in  the  various 
San  Francisco  buildings: 

Many  failures  of  flat  metal  lath  and  plaster  ceilings  were 
caused  by  too  light  or  poorly  designed  cUps  wlucb  aupj>orted 
the  furring  from  the  thxir  beams.  Failures  also  occurred  on 
account  of  the  low  fiLsing  point  of  copper  wu'e  whicli  wtis  some- 
times employed  to  att-iich  the  metal  lath  to  tbe  furring. 

t^upporting  clips  .should  Ijc  n^iade  from  not  Ic-^s  than  1-inch 
by  g-incn  steel  and  shoidd  hook  around  both  sides  of  the  lower 
flanges  of  beams.  A  ndld  steel  galvanized  lacing  win^  of  not 
less  than  No.  IS  B.  &  S.  gauge  should  be  used  to  attach  the  metal 
lalh  to  the  furring.* 

Where  the  ceiling  is  to  be  suspended  from  roof  beamSy  a  very 
Batisfactor}.'^  construction  is  shown  in  Fig.  280.     The  hangers  are 


]i  Ejctonslon  Bar 

^^ — MC3l5ets. 


^1    H^L,Jtl  m^'jt ri*  iVWintn.' 
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Fia.  280.  —  SusiJemJod  CeiUng  Constnjctioa, 

spaced  4  feci  centers  and  are  made  of  l-Inch  by  i-inch  bars, 
bent  over  the  lower  flanges  of  the  beams,  and  held  in  plac<*  by 
i*^-inch  diameter  hooks.  If  the  hangers  are  quite  long,  extension 
pieces  are  used,  bolted  to  the  clamp  portion  of  the  hanger.     Flat 

*  S©e  "The  Snn  Francisco  Earthqualce  and  Fire,"  pubb'flhed  by  the  Roebling 
ConBtniotion  Company, 
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bars  IJ  inches  by  -^^  inch,  spaced  4  feet  centers,  are  then  bolted 
to  the  hangers.  These  bars  are  pi^rf orated  at  intervals  of  12 
intihes  centers  by  rectangular  holew  f-inch  by  f-inflh,  through 
which  pass  small  J-inch  chaiuiels  for  the  support  of  the  metal 
lath  and  plaster.  Wliere  Ihese  ceilings  are  suspended  below 
terra-cotta  arches,  toggle  bolts  are  used  for  the  support  of  th 
hangers. 

Fig.  281  shows  a  very  satisfactory  detail  for  a  suspended  ceihng 
made  of  light  tee-irons.  The  hangers,  spaced  5  feet  to  6  feet 
centers,  are  made  of  2|-inch  by  ^-inch  bars,  bolted  between  two 
clamps,  which  clasp  the  lower  beam  flanges.  To  the  hangers 
are  bolted  3-inch  by  |-inch  bars,  which  are  punched  every  12 
inches  to  receive  l*inch  by  1-inch  tees,  weighing  0.87  pound  per 
foot.     These  receive  the  metal  lath  and  pkisler,  or  if  cciliDg  tile 


Koof  beams  5^0  U'tts. 
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Fig.  2Sl.  —  Suspended  Coiling  Cnnstruction. 


are  desired,  a  larger  size  of  tee  may  be  used  for  the  support  of 
these  blocks.  For  the  splicing  of  the  1-ineh  tees,  a  sheet-iron 
clamp,  6  inches  long,  is  wrapped  closely  about  the  tee  flanges. 
When  hammered  tight,  this  makes  a  HiifFiciently  rigiti  splice. 

Where  concrete  roof  slabs  are  used,  the  hangers  for  suspended 
ceilings  may  be  supported  as  shovsm  in  Fig.  282.  Until  the  con- 
crete is  poured,  they  are  held  in  place  by  means  of  nails,  running 
through  holes  in  the  hangers,  and  resting  on  the  wood  forms. 

Specifications:  The  following  specification  for  suspended  ceiling 
construction  represents  the  best  practice: 

All  ceilings  to  be  himg  to  roof  beams  or  slabs  with  Bteel  bangers 
which  shall  be  1-inch  by  J-inch  when  straight,  and  2-inch 
f-inch  w^here  bending  is  required,  not  over  4  feet  on  centers  i 
either  case.     To  these  shall  be  holted  2-inch  by  i-inch  bar  pii^ 
Lm,  punched  to  receive  V^uc^  qt  l-iiich  channels  which  shall  be  . 
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placed  not  more  tlum  12  inchea  renlers  where  No.  24  gauge 
expanded  nic?l.ul  is  lised.  If  No.  20  wire  latlj  with  No,  5  nda 
woven  in  is  used,  the  channeLn  may  bo  placed  1(j  iru-heH  centerei. 

In  place  of  2-inch  by  J-mch  bur  purlin>i,  2-im'h  by  2-ineh  by 
i-inch  angles  may  be  u.'^ed,  with  furring  channels  clamped  to 
game. 

Where  the  purlins  are  more  than  4  feet  apart,  I -inch  channels 
must  be  used. 

Metal  lath  must  be  cut  from  Xo.  24  gauge  sheets  and  weigh 
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Fra.  2S2«   Suspended  Ceiling  Constructiou  as  used  mth  Concrotfi  Roafi« 


at  least  3  pounds  per  square  yard.     To  be  laced  with  No.  IS 
galvanised  si  eel  wirt-. 

Metal  Furring.  —  The  introduction  of  various  forms  of  metal 
lath  greatly  develoi>ed  the  use  of  metal  furring  for  w^all  surfaceSj 
false  ceihngs,  and  the  production  of  architectural  members  in 
interior  decoration.  Very  elaborate  effects  are  now  easily  pro* 
duced  by  the  aid  of  metal  furring^  lath,  and  plaster,  where  for- 
merly such  efTects  were  only  possible  in  very  heavy  and  very 
oxpensive  coiLstruciioiu  Corntce«|  coves,  fake  beams^  arches, 
and  domes  are  readily  and  economir^ally  constructed  with  a 
false  work  uf  metal  fiu"ring,  where  previously  the  same  effects 
in  massive  constructiou  would  have  been  ditticiuVl,  \v^BLsr^,  as\^ 
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expensive.  A  great  quantity  of  this  false  work  now  enters  into 
nearly  all  large  buildings,  and  the  uses  to  which  ndetal  furring  is 
applied  are  as  numerous  as  the  conditions  which  call  forth  its 
use.  The  furring  is  always  of  a  sham  nature,  representing  forms 
of  construction  whicl^  do  not  exist.  It  is  never  employed  to 
carry  loads  of  any  magnitude,  —  generally  nothing  but  the 
weight  of  the  plaster  or  mosaic  finish. 

Metal  Wall  Furring  for  exterior  masonry  walls,  etc.,  usually 
consists  of  i-inch  channels  placed  horizontally  against  the  wall 
surface,  about  4  feet  centers,  with  both  flanges  turned  up.  These 
are  usually  wired  to  nails  driven  into  the  masonry.  Vertical 
i-inch  channels  or  |-inch  prong  studs  12  inches  on  centers  are 
then  wired  or  clipped  to  the  horizontal  channels.  No.  24  gauge 
expanded  metal  is  then  applied.  Or  the  vertical  supports  may 
be  placed  16  inches  on  centers  if  No.  20  wire  lath  with  No.  5 
rods  woven  in  is  used,  or  if  No.  20  wire  lath  with  1-inch  V-ribs 
woven  in  every  7i  inches  is  used. 

False  Ceilinga  are  often  employed  for  architectural  effect  where 
the  ceilings  in  rooms,  hallways,  or  vestibules  are  required  to  be 
at  a  lower  level  than  the  actual  floor  construction.  False  ceilings 
are  also  employed  to  conceal  pipes  or  vents  which  may  tend  to 
disfigure  the  apartment.  Light  channels  or  angles  are  generally 
used  for  this  purpose,  spaced  about  12  inches  centers.  For 
spans  not  exceeding  5  feet,  these  may  be  run  into  the  walls  for 
support,  but  in  longer  spaces,  intermediate  hangers  are  necessary, 
as  previously  described. 

For  larger  arches  or  domed  ceilings,  structural  members  must 
be  provided  at  intervals  to  carry  the  lighter  iron  false  work. 
These  usually  consist  of  channels  or  angles  bent  or  shaped  to  the 
proper  outlines,  and  spaced  at  intervals  of  from  4  feet  to  6  feet. 
Such  members  are  placed  about  2  inches  back  from  the  finished 
plaster  line.  Light  channels  are  then  clipped  to  the  supporting 
framework  at  intervals  of  12  inches.  These  receive  the  metal 
lathing,  which  in  turn  takes  the  plaster  finish. 

CorniceSf  False  Beams,  etc,,  are  made  of  brackets  formed  of 
1-inch  by  J-inch  band  iron  or  of  light  channel-iron,  spaced  not 
over  12  inches  centers,  to  which  are  fastened  longitudinal  }-inch 
channels  which  receive  No.  24  gauge  expanded  metal  or  other 
metal  lath.  The  brackets  are  bent  or  shaped  to  the  required  out- 
llne,  usually  at  the  building,  and  are  fastened  to  walls,  etc.,  by 
means  of  nails,  staples  or  togg\ebo\.\,s,  oi  tiO  steel  beams  by  means 
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PLASTER  CORNICE 
xpanded  Metal  Lath 


Fia.  283.  —  Cornice  and  Cove  Furring. 


of  hangers,  clips,  etc.  Fig.  283  illustrates  a  furred  cove  and 
cornice,  in  which  the  expanded  metal  lath  is  secured  directly  to 
the  band-iron  brackets. 

Metal  Lath.  —  Some  of  the  more  prominent  makes  of  ex- 
panded metal  or  metal  lath  as  used  for  ceilings,  wall  furring, 


Fia.  284.  —  Expanded  Metal  "A,"  "B"  and  "BB"  Lath. 

metal  lath  and  plaster  partitions,  false  cornices,  etc.,  are  as 
follows: 

Expanded  Metal  Lath  is  made  in  two  forms,  viz.,  the  "  A,  ^'  "  B  " 
and  "BB"  laths,  as  shown  in  Fig.  284,  —  used  principally  icyt 
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and  the  ^'BB"  lath,  shown  in  Fig.  287,  used  for  exterior  stucco 
work,  partitions,  etc. 


Designation. 

Gauge. 

Siieof 
sheets. 

Sheets  in  a 
bundle. 

Square 

yards  in  a 

bundle. 

Weight  per 
square 
yktd. 

"BB" 
''BB" 
"BB" 

"A" 

27 
26 
24 
28 

Inches. 
20iX96 
20iX96 
20JX96 
14  X96 

15 
15 
15 
20 

22| 
20 

Lbs. 
2- 
2 
3 
3 

KvJme's  Clincher  Lath,  made  of  indented  and  perforated  sheet 
metal,  has  been  successfully  used  for  ceilings,  wall  furring  and 
other  flat  surface  work.  The  sheets  are  13i  inches  by  96  inches 
in  size,  being  shipped  in  bundles  of  10  sheets. 


PART  V 
SPECIAL   STRUCTURES   AND  FEATURES 
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The  theoiy  and  praetice  of  fire  provention  and  fire  protection 
as  applied  to  theatres  is  too  large  and  too  important  a  subject 
to  be  adequately  treated  vvidiin  the  eonfinc'H  of  a  single  chapter. 
Volumej=f  couid  be  and  have  been  written  on  the  subjec t,  among 
which  may  be  mentioned  Mr.  Edwin  O.  Sachs'  **  Modern  Opera 
Houses  and  Theatres/'  in  three  large  volumes^  including  thre:; 
supplements,  with  20  platei?  and  860  illustrations,  1897,  —  Mr. 
William  Paul  Gerhard's  ''Theatres,  their  Safety  from  Fire  and 
Panic,  their  Comfort  and  HealthfulnesSp'^  1900,  —  and  Mr. 
John  R.  Freeman^s  "On  the  Safeguarding  of  Life  in  Theatres." 
Also  a  proposed  standard  ordinance  of  great  value  covering 
** Theatre  Construction  and  Equipment,"  representing  the  best 
present-day  thought  on  these  subjects,  has  been  preparetl,  after 
long  investigations,  by  a  special  committee  of  the  National  Fire  ■ 
Protection  Association  in  conjunction  with  a  special  committee  ™ 
of  the  American  Institute  of  Architects  and  other  experts.* 

To  these,  reference  may  be  made  for  a  more  complete  study 
of  theatre  design  and  construction.  However,  most  of  the  really 
L  vital  pK>ints  in  fire  prevention  and  fire  protection  In  theatres  may 
f  he  touched  on  within  the  hmits  of  a  Handbook  chapter,  and  as 
many  decided  iniprovcrnenls  in  such  matters  have  taken  place 
within  the  last  few  years,  especially  in  American  theatres,  it  is 
iiopedthat  the  following  discussion  may  be  of  value,  e%^en  to  those 
having  considerable  knowdedfre  of  the  subject.  Perhaps  no  one 
theatre  or  opera  house  yet  built  may  combine  all  of  the  recom- 
mendations herein  set  forth,  — and  yet  a  conslantly  increjising 
number  of  our  new  American  theatres  is  incorporating  more  and 
more  of  these  vital  principles  of  design. 

Statistics  of  Theatre  Fires,  —  Mn  Edwin  O.  Sachs,  in  his 
monograph  previously  mentioned,  tabulates  no  less  than  1,115 

*  See  "  191 1  ProctedingH  of  NatJonul  Pire  Protecitjoa  Aasociation."     Aa  many 
extrar'tH  will  be  given  from  this  report  in  the  preuout  chapter,  such  guotatioiu 
m      will  be  de«iBnateti  by  the  reference  aiKH  §. 
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fires,  occurring  previously  to  December  31,  1896,  which  either 
materially  or  wholly  damaged  theatre  buildings.  The  cause  and 
location  of  the  outbreak  of  fire  are  given  in  all  possible  cases. 
While  interesting,  and  valuable  in  some  respects,  such  statistics 
are  not  applicable  to  present-day  conditions  for  the  reasons  that 
most  theatres  which  have  heretofore  been  destroyed  by  fire  were 
built  without  any  particular  knowledge  or  care  as  to  either  fire 
prevention  or  fire  protection,  and  were  Ughted  by  gas. 

L088  of  Life.  —  Fires  in  theatres  or  other  places  of  amusement 
involving  great  loss  of  life  have  been  numerous  in  nearly  all 
civiUzed  countries.    Among  the  more  notable  may  be  mentioned: 

The  Brooklyn  Theatre  fire,  1876,  in  which  293  people  were 
killed,  all  in  the  upper  gallery.  The  cause  was  a  "border" 
catching  fire  from  gas  border  lights. 

The  Ring  Theatre  fire,  Vienna,  Austria,  1881 .  Of  an  audience 
of  1,800,  450  were  killed,  mostly  in  the  upper  gallery.  The  cause 
was  the  ignition  of  scenery  through  careless  lighting. 

A  theatre  fire  in  Exeter,  England,  1887,  resulted  in  the  death 
of  200  persons  within  a  few  minutes  after  the  outbreak,  again 
mostly  in  the  upper  gallery. 

The  Iroquois  Theatre  fire,  Chicago,  December  30,  1903,  which 
resulted  in  the  loss  of  566  lives,  has  been  previously  described  in 
Chapter  VI. 

Deductions  from  Statistics. — Notwithstanding  the  greatly 
changed  conditions  as  to  construction,  lighting,  and  equipment, 
etc.,  in  modern  theatres  of  the  better  class,  certain  deductions 
of  great  value  may  be  drawn  from  the  records  of  past  fires, 
as  follows: 

1.  That  theatres  as  a  class  constitute  dangerous  risks. 

2.  That  the  causes  of  theatre  fires  are  usually  attributable  to 
either  carelessness  or  defects.  They  should  be  decreasingly  less, 
owing  to  improvements  made  in  lighting,  heating,  etc.;  but  a 
large  hazard  still  exists. 

3.  That  the  stage  constitutes  the  most  dangerous  feature. 
It  has  been  estimated  by  Mr.  Freeman  that  the  total  weight 

of  combustible  material  on  the  stage  of  the  Iroquois  Theatre 
amounted  to  more  than  10  tons. 

It  is  a  very  rare  case  that  so  much  scenery  is  found  upon  a 
stage,  but  if,  as  is  more  common,  it  were  only  one-fourth  part  as 
much,  it  is  plain  that  the  fuel  supply  is  sufficient  to  send  out  an 
enormous  volume  of  suffocating  gas.    Indeed,  I  have  computed 
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that  merely  the  quirk  liTirning  uf  Iht^  t60  pound.s  of  Raiize  that 
huTig  over  the  Iroquois  stage  would  heat  a  volume  of  air  equal  to 
that  contained  in  tlio  t^paee  aJxive  tlieproseeriiuni  ardi  to  1Q()(FF. 

4.  That  the  galleries  comprise  the  loeations  most  dangerous 
to  the  audience.  The  theatre  tires  before  mentioned  show  this 
conclusively. 

5.  That,  in  tlieatre  design  and  management,  lifi^safety  should 
be  of  the  first  importance.  The  repetition  of  history  in  dis- 
astrous fires,  coupled  with  an  extended  present-day  knowledge 
of  theatre  design ,  equipment  and  construction,  leaves  no  excuse 
for  ihv.  shirking  of  re'^ponsil)ility  by  theatre  osvniT.s  or  manfigern. 

Requisites  for  Safety.  —  No  leas  an  authority  than  Mr.  Ed- 
win O.  Sachs  has  stated  that  theatre  safety  really  means  the 
safety  of  the  human  lives  in  a  theatre,  and  not  the  safety  of 
property.  Hence,  at  (he  Amsterdam  Fire  Congress  of  lHil(3,  lie 
sijggef?ted  that  tlieatre  phrnnittg  be  gi\'en  primary  considera- 
tion^ as  distinct  from  construction;  and  that  the  requisites  for 
theatre  safety  be  always  considered  in  the  following  oi"der  of 
importance,  —  (1)  planning,  (2)  watching,  or  vigilance  during 
performances,  (ii)  inspection,  (4)  construction.  Mr,  Wm.  Paul 
Cicrhani  fi>Ilowf*  the  same  order  of  importance  in  his  authoritalive 
iiiscussion>i  of  theatre  safety. 

Planning,  fis  stated  above,  is  the  moat  important  considera- 
tion looking  to  safety  of  life  in  theatres,  provided  it  includes  all 
questions  pertaining  to  equipment,  safety  appliance-s,  etc. 

In  Chapter  IX  it  wa-s  stated  tfiat  atlequate  fire-reaisting  design 
comjirisea  planning,  coni^truchxtn,  and  equipment^  where  build- 
ing and  contents  are  of  equal  importance;  but  in  theatres  and 
similar  public  buihling.4,  where  the  f^afety  of  human  lives  in  of 
paramount  importance,  the  etiuipment  must  be  considered  as 
an  integral  part  of  the  plan. 

Planning,  in  the  sense  here  intended,  involves  the  general 
location  and  pjirticular  aUe,  —  the  phm  or  arrangement  of  the 
build ingt  —  and  all  fcaturea  of  prt^venlion  and  equipmc^nt  which 
enter  into  tiie  building  design, — jxa  contrasted  witli  questions 
involving  only  materials  or  methods  of  pure  construction* 

Another  reason  why  strosiH  will  not  be  laid  upon  fire-resist- 
ing construction  i.s  that  incombrjstible  or  fireproof  construction, 
ptT  sp,  cannot,  and  doc?s  nott  absolutely  prevent  theatre  firo  dis- 
asters. For  in.stance,  an  ill-planncii  theatre^  having  its  exit.s 
badly  arrange!  or  insulEcicnt  in  number,  may,  in  ca^e  of  a  real 
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or  false  alarm  of  fire,  prove  n  vpritabfe  death  trap,  though  iij 
construction    may   be   thoroughly   fireproof;   and,    mce    versa , 
theatre  whieh  is  combustible,  which  has  wooden  staircases^  anfl 
which  lacks  lire  extiuguisliiiig  appliariet?s,  may  yet  be  sfj  planned 
and  arranged  as  to  afford  the  public  perfect  means  for  quick 
escape  from  smoke  and  fire,  and  therefore  be  the  safer  of  the  twq" 
Thi.s  inKtance  indicates  clearly  ttiat  there  are  other  ^afot y  mea 
urea  of  much  more  importance  than  fire-resisting  construction.*  j 

Locatifin  and  Site.  —  As  to  location,  consideration  should  I 
given  the  gi-n^j-al  neighborhood  proposed,  and,  particularly,  ihu 
hazai'ds   of    adjacent    properties.     The    location    should    avoiii 
l>roximity  to  dangerous  rislvSj  8uch  as  piano  factories,    manil 
factjorieM  involving  especially  haKardoui^  processes,  or  buildinpa 
hable  to  contain  large  quantities  of  hi}2;hly  eombu.Htil)le  materinl, 
eueh    as  stables,   etc.     Even   small   fires   in   such    neighboring 
properties,  espetiially  if  producing  much  smoke,  may   lead 
&erious  panic  on  the  part  of  an  audience  quite  as  readily  as  a  1 
within  the  theat  re  structure. 

As  to  site,  this  should  be  aa  open  as  possible,  preferably  froni 
ing  on  streets  on  all  four  sides.  This  Is  not  usual  in  this  country, 
but  in  some  continental  cities  it  is  reqtiireil  by  law.  An  example 
of  an  entirely  detached  theatre  is  the  new  8tadt-Theatre,  Berne, 
Switzerland,  which  faces  on  a  prominent  open  square,  with  op 
streets  od  the  other  three  sides. 

In  London  the  site  for  a  new  theatre  or  music-hall   mu 
abut  for  onohalf  of  the  boundary  upon  public  thoroughfares,  on 

of  which  must  be  not  less  than  forty  feet  wide.     This  is  exactly  f  * 

one-half  of  the  requirement  us  tn  site  in  most  continental  cities,  ^ 

where,  as  in  MarK^licHior,  England,  the  ihcatre  must  be  entirely  ^ 

isolated.  .  .  «     We  are  now  actually  getting  isolated  theatn*,  * 

wliereas  a  few  years  ago  there  was  not  one  in  London. f  ^ 

i] 

In  this  country,  theatres  usually  have  but  one  street  front,  bu^^ 
in  the  better  examples  of  recent  practice  where  a  theatre  is  locatei 
between  adjacent  structures,  open  courts  are  pro^''ided  on  th 
sides,  into  which  stage-  and  auditorium-exits  may  empty,  Tb 
position  and  size  of  such  courts  are  usually  covered  by  ordinanot 
in  tlie  larger  cities,  ivs  is  further  explained  under  a  later  pa 
graph  "Coiwts." 

♦  Se«  "Tho  Safety  of  Thnatre  Audienfea  and  Jhe  Stage  Personnel  agaj 
Danger  from  Fire  and  Panir/'  by  Wra.  Paul  Gerhard. 

t  "Lessons  from  Firo  and   Panic."  by  Thoe,  Bluabill,      See    Britisfa 
FrevQiition  Committee's  *'Rt!d  Book"  Ko,  ^. 
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Mr.  John  H.  Frpf^man  conaidera  (hat  proper  planning  is  far 
more  CKsential  than  mtTe  location. 

"It  is  worthy  of  note  that  it  is  not  essential  Jtw  safety  that  a 
theatre  should  stand  in  an  o^mi  lot.  Some  of  the  worst  theatre  fires 
in  history  have  happened  where  the  space  around  the  theatre  icas 
open  oti  three  sides  or  four  sides.  It  is  far  more  important  that 
uHuntion  be  given  to  the  detail  of  fire  walk  and  to  providing  safe 
pasHagcwayn."* 

The  Plan  or  Arrangement  sliould,  as  previously  stated,  in- 
chjde  not  only  the  sui>HliviKion  of  areas,  but  all  questions  in- 
volving equipment,  safety  appUances^  etc.,  aa  well.  EfTeetive 
planning  should  therefore  include  a  most  thorough  [.consideration 
of  the  i.solation  of  dangerous  risks,  exits^  the  stage  and  its  ap- 
purtenances, fire  curtains^  safety  apph'anccs  and  other  preventive 
safeguards  upon  tlie  si  ago,  and  finwletecting  and  fire-extinguish- 
ing  equipment  throughout  I  he  building. 

Isfjlation  of  Dangerous  Risks. — Boiler  rooms,  metre  closets, 
paint-  and  carpenler-shops,  property-,  costume-,  aod  storage- 
room.s  whould  all  preferalily  be  separated  from  the  Hlage  jnirtioa 
of  building  by  mt^aT^s  of  briek  walls  an*l  ailc^juate  fire  doors, 
A  most  admirable  arrangement  of  such  dangerous  features  ia 
provided  in  the  new  Bof^ton  Opera  House,  Wheelwright  and 
Haven,  ArchiteetSj  aa  illustrated  in  Fig,  2SS. 

No  workshop,  storage  or  general  property  room  shall  be 
allowed  in  or  under  the  auditorium,  above  the  stage  or  under  the 
same,  or  in  any  of  the  fly  galleries,  but  such  rooms  or  shops  may 
be  located  in  the  rear  of,  or  at  the  side  of  the  stage,  and  in  such 
cases  they  shall  be  separated  from  the  stage  vertically  and  hori- 
zontally by  a  brick  or  concrete  wall  not  h^s  than  twelve  inches  in 
thickness  or  other  equally  efficient  eut-off,  and  the  openings  IcaxJ- 
ing  into  said  portion  f^hall  have  self-closing  fire  doors  on  one  side 
of  the  wall  and  standard  automatic!  fire  doors  on  the  other  side 
of  the  waU. 

No  sleeping  accommodations  shall  be  allowed  in  any  part 
of  tlie  building  communicating  with  the  auditorium  or  stage.  § 


Exits. t  —  The  importance  of  adequate  means  of  exit   from 
theatres  is  summed  up  by  Mr.  Sachs  as  follows: 

"Everything  to  insure  good  exits  should  be  done,  even  if 
Bomo  of  the  other  rwiuirements  of  modern  theatre  construction 

•  See  "On  the  Safegumrdhig  of  Life  in  TheatreH." 

t  For  an  extended  dispussion,  sco  "Thpatro  Exita"  by  Mr.  Alfred  Darby- 
jahire,  British  Fire  F*reveDtion  Committee's  "Red  Book"  No.  4, 
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p  study  of  ''exits"  imltKles  the  sub-division  of  the  audi- 
into  tiers,  with  the  quick  implying  thereof,  —  adequate 
means  of  egress  for  all  employees  in  stage  portion,  etc.,  —  the 
size  and  placing  of  seats,  —  aisles,  —  foyers  and  lobbies,  — 
court.?,  —  stairs  and  other  means  of  egress^  —  fire  escapes,  — 
doors  and  door  fastenings,  etc.,  —  and  lighting.  "In  other  worda 
the  term  'exit'  includet^  the  en  tin*  road  which  a  spectator,  seated 
in  the  audience,  hius  to  travel  in  order  to  reach  the  open  air." 

Tiers* — The  problem  of  how  to  secure  the  quick  and  safe 
departure  of  a  theatre  audience  is  largely  a  quesjion  of  its  proper 
and  sufficient  sub-division.  While  this  is,  to  some  extent,  BtH!ured, 
u  pHorif  by  ihe  division  inlo  diUercnt  t  ier.s,  this  in  itself  would  not 
be  sufficient^  particularly  if  exits  from  different  tiers  are  mmle 
to  lead  into  a  common  lobb3^  Each  sectifm  f*hould  be  again 
di%dded  and  made  to  leave  by  several  independent  outlets.* 

The  usual  arrangement  of  tiers  in  this  country  includes  a 
parquet,  a  balcony,  and  a  gallery,  each  of  which  divisions  shotild 
have  not  less  than  two  Independent  means  of  exit.  In  large 
theatres  or  opera  houses,  even  more  ihixn  two  means  of  exit  may 
be  necessary  for  each  tier.  All  of  these  exit  passages  should  be 
independent^  from  their  source  in  the  auditorium  to  the  open  air, 
and  *' should,  under  no  circ  urns  tan  ceis  whatever,  cross  each  other, 
meet  or  be  combined."! 

The  Main  Floor,  or  paiquct.,  is  usually  placed  at  the  street  level, 
preferably  without  steps.  The  sunken  '^  pit  "bo  common  to  English 
theatres  h  not  used  in  this  country,  nor  in  Continental  theatres, 
but  an  arrangement  somewhat  f^imilar  to  a  "pit^'  is  used  in  the 
Forest  Tlieatre,  Philadelphia,  whcTC  inclined  planes  at  equal  gratli- 
ents  lead  from  tlie  strwt  or  lobby  level  down  Hal  copy 

to  the  parquet  and  up  to  the  balcony,   thus:  _[f^j^/ 
Tliis  arrangement  is  cominendablt^  in  that  it  \    Farguut 

reduces  the  height  of  both  bah  ony  and  gallery  above  the  street, 
thus  shortening  the  lines  of  travel 

The  BalcoHi^,  in  most  cases,  does  not  present  any  particular 
difficulties  as  to  quick  emptying.  It  is  generally  possible,  except 
when  planning  within  most  eircumscribett  conditions,  to  proviile 
at  lea»st  one  straight  exit  way  from  balcony  to  street,  without 
turn. 

The  Gallery  is  both  the  most  dttngerous  portion  of  the  audi- 
torium  and   the   most   remote   from    the   strtjet.     The   gallery 

■  Gerhard.  f  IMd, 
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audience  shoulii  therefore  be  given  every  possible  means*  of  simple^ 
ciireet,  and  atJeqiiate  cgrf^s.  Mr.  Freeman  advises  that  the  iirea, 
the  total  number  of  stairway  exits,  and  the  total  ^sridth  of  stair- 
way per  huiidrixl  persons  be  mtuJe  two  or  three  times  as  great  for 
the  gallery  as  for  the  other  part^  of  tiie  liouse,  pointinR  out,  also^ 
that  the  width  of  stairways,  as  emphasized  by  tnost  building  laws, 
is  not  the  sole  consideration.  Thus  the  architect  of  the  Iroquob 
Theatre  testified  that  the  gallery  exits  of  that  theafre  were  of 
100  per  cent,  greater  total  width  than  the  law  require<L  Yet 
70  per  cent,  of  those  in  the  Iroquois  gallerj^  perisheil,  principally 
due  to  loeked  tloors  at  fire  escapes,  to  a  lilinci  ptissageway  wherein 
many  were  suHocated,  and  to  generally  inaccessible  means  of  exit. 

Thus  the  gallery,  especially,  requires  Jreqiient  and  acceamhlt 
as  well  as  ample  means  of  egress,  and  this  has  been  obtained  in 
many  late  examples  of  theatre  design  partly  by  means  of  '*vomi- 
toriea,*^  or  short  flights  of  steps  leading  from  intermediate  aisles 
in  the  gallery,  —  and  sometimes,  though  less  frequently,  in 
balcony,  — down  to  a  transverse  passageway  or  timnel  wlij 
runs  under  the  gallery  and  which  discharges  into  stairs  at  eitl 
one  or  both  ends.  Such  vomitories  are  shown  in  plan  in  Fig.  20 
and  in  section  in  Fig.  292.  The  use  of  vomitories  greatly  helps 
the  centralization  and  the  proper  distribution  of  exits,  especiftU? 
in  long  balconies  or  galleries,  thus  promoting  quick  emptyi: 
An  objection  to  their  use  lies  in  the  fact  that  the  people  a^ 
them  have  to  go  down  steps  leading  directly  from  aisles.  Su 
Bteps  are  always  less  safe  than  steps  leading  wp,  eitlier  in  or  f n 
an  aislCj  as  experience  shows  that  people  are  lo^s  prepiii 
especially  in  a  dim  light,  for  steps  leading  down,  which  are  i 
plainly  seen. 

In  the  ordinance  projwsed  by  the  National  Fire  Protection* 
Association,  the  use  of  vomitories  is  co\^ered  as  follows: 

There  shall  be  no  more  than  eleven  feet  rise,  measured 
ticallv,  in  any  aisle  in  any  gallery  without  direct  e-xit  by  tunr 
or  othenvise,  to  a  corridor  or  pa.ssage  with  a  free  opening  on  to 
the  gallery  stairs  or  other  direct  discharge  to  the  street.  At  ^iifh 
elevation  of  eleven  feet  or  less  an  intervcrnng  or  croHB  aisle  leading 
directly  to  an  exit  may  be  substitijted  for  the  tunnel.  No  sucb 
tunnel  or  cross  aisle  shall  be  less  than  four  feet  wide  in  the  cl 


Quick  Emptying  Tests.—  Numerous  tests  have  been  ma 
of  the  time  required  to  empty  theatre  buiklings  of  their  audiences, 
under  both  normal  and  test  conditions.     Mr.  Gerhard  quotes  i  ' 
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ntimher  of  examples  of  New  York  and  Continental  theatres,  all 
fihowing  from  two  to  four  minuteii  as  the  actual  emptying  time. 
After  careful  observations  in  rrpresentative  Chicago  theatres, 
Mr.  Freeman  found  thai  all  corridors  were  generally  clefired  in 
from  three  and  onc^half  to  five  minutes  after  the  drop  of  the 
eurtain,  and  thatt  ordinarilyy  from  two  to  three  minutes  sufficed 
for  the  clearing  of  both  balcony  and  gallery.  However,  the  time 
conBume<l  in  the  leisurely  emptying  of  an  auditorium  is  not  a 
safe  guide  for  the  quick  emptying  under  panic  conditioris. 
People  were  struggling  at  exits  of  the  Iroquois  Theatre  as  late  as 
nine  minutes  after  the  alarm  w%'is  turned  in. 

Mr,  Gerhard  strongly  recommends  actual  te^t  of  the  time 
required  to  empty  any  theatre  building^  while  Mr.  H.  F.  J.  Porter, 
who  has  had  wide  experience  in  organizing  fire  drills  in  factorieai 
etc.,  and  who  has  studied  especially  the  handling  of  crowds  in 
buildings,  recommends  that,  in  the  Ciise  of  any  building  con- 
taining many  peo|xIe,  a  rapid  ngresn  tci^t  be  made  obligator^'  before 
the  building  it^  accepted  m  safe  by  the  municipal  authorities. 
See,  also.  Chapter  XXXVII. 

In  view  of  the  above,  the  following  calculations  regarding 
means  of  exit  are  of  particular  interest: 

Entrances  and  Exits  —  Definition. 

The  term  'exit'  as  used  in  this  section  refers  to  emergency 
exits  only;  the  term  'entrance'  refers  to  all  other  traffic  ingress  or 


Calculations. 

The  combined  width  of  entrances  and  exits  for  each  tier,  like- 
wise their  stairs,  shall  provide  one  foot  of  width  for  each  20  per- 
sons to  bo  accommodated  in  that  tier.* 

The  width  of  entrance  stairs  shall  be  at  least  50  per  cent,  of 
the  combined  width  of  the  entrance  ancl  exit  stairs  and  for  further 

*  A  large  number  of  actual  counta  made  by  reliable  authorities  faee  paper 
entitled  "A  Termirial  Station"  t^rcjieiited  by  Messrs.  J.  Vipond  Davis  and 
J.  Ilolik  Woll»  boforo  the  AmerinaQ  Infititutc  of  Arctiitects  at  Waskini^Dp 
D,  C,  December,  1&09)  show  that,  with  freely  moving  crowds  Roing  in  one 
dircctiati,  an  average  of  ibirteen  (13)  people  per  fotjt  of  widtb  per  minute  will 
pass  down  a  atairway.  This  figure  was  accordingly  selected  as  tbe  basifi  for 
estimating  the  combined  width  of  entrance  and  exit  stairSt  allowing  a  perictd 
of  two  minutes  in  which  to  empty  each  tier. 

Considering  tbR  probability  of  unfavomble  eonditiona  due  to  a  panic  or  other 
<<aiiscH»  the  width  of  entranCM2  and  exit  Atairs  is  figured  ou  the  assumption  that 
two-thirds  of  the  audience  may  pass  out  at  cithpr  side  of  the  audltoriam. 

The  calculation  under  the  above  conditions  for  determining  the  necsBau 
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safety  the  aggregate  width  of  exit  doorways  opening  from  each 
gallery  shall  be  60  per  cent,  more  than  the  open  air  stairs  to  which 
they  lead. 

Entrances. 

A  common  place  of  entrance  may  serve  for  the  orchestra 
floor  of  the  auditorium  and  the  first  gallery,  provided  such  en- 
trance and  the  passages  leading  thereto  are  of  the  width  required 
for  the  aggregate  capacity  of  these  two  tiers. 

Separate  places  of  entrance  shall  be  provided  for  each 
gallery  above  the  first. 

Exits  —  Minimum  and  Fire  Doors  for. 

From  the  auditorium  at  least  two  exits  remote  from  each 
other  leading  into  open  courts  or  streets  shall  be  provided  in  each 
of  both  side  walls  of  the  auditorium  on  all  tiers.  Each  exit  shall 
be  provided  with  approved  fire  doors. 

In  buildings  used  for  motion  picture  shows  and  having  no 
stage,  the  required  exits  and  court  at  one  side  may  be  replaced  by 
equivalent  exits  and  court  at  the  rear  if  consistent  with  the  ade- 
quate distribution  of  the  entire  entrance  and  exit  facilities.! 

Diustrations  of  Safe  Exits.— Figures  289  to  294  inclusive* 
were  prepared  by  Mr.  John  R.  Freeman  to  demonstrate  the  pos- 
sibility of  planning  safe  exits  within  the  limitations  presented 
by  a  laterally  bounded  site.  Regarding  these,  Mr.  Freeman 
states  as  follows: 

In  the  preparation  of  these  plans  I  had  it  in  mind  to  enter 
a  [)rotest  against  some  of  the  requirements  which   have   been 

total  width  for  entrance  and  exit  stairways,  for  any  specified  number  of  people 
such  as  500,  would  have  this  form:  — ' 

-^  T-T  X  2.  or  in  reduced  form  500  -h  19.5. 
2  X  lo 

For  further  simplification,  the  derived  number  is  assumed  as  20  instead  of 
the  actual  19.5.  This  will  give  stairs  but  slightly  narrower  than  those  which 
would  be  obtained  by  applying  the  formula  in  detail,  and  makes  the  calculation 
extremely  simple. 

It  is  further  specified  that  the  width  of  the  entrance  stairs  shall  be  at  leaat 
fifty  per  cent,  of  the  total  stairway  capacity  provided  by  this  calculation. 

To  encourage  the  audience  to  divide  and  thus  offset  in  part  at  least  the  in- 
stinctive tendency  to  escape  by  way  of  the  most  familiar  entrance,  the  aggregate 
width  of  exit  doorways  opening  from  each  tier  shall  be  at  least  60  per  cent,  wider 
than  the  open  air  stairs  to  which  they  l^ad;  persons  after  reaching  the  outside 
stairs  and  balconies  required  in  this  ordinance  are  comparatively  safe  when 
they  have  passed  beyond  the  exit  doorways  opening  from  the  tier  under  con- 
sideration. 

Attention  is  also  called  to  the  minimuyn  requirements  for  both  stairways 
and  doorwaysjwhich  must  always  obtain. 

*  Heproduood  by  permission  from  Mr,  John  R.  Freeman's  "On  the  Safe- 
guarding  of  Life  in  Theatres." 
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mged  Tjv  ominont  auf  borities  b&  essential  to  tho  snfvi  y  of  thr  ntuli- 
enne,  such,  for  example,  as  that  frectuently  urgwl  in  Kui»[h\  Uuit 
a  Itirgr^  theatre  or  house  of  public  entertainment  ou^ht  to  steintl 
in  an  open  lot,  and  sls  a  means  of  sliowing  that  surh  arrangementa 
If  or  safety  as  proposed  by  the  late  Sh'  Henry  Irving  in  hi^  dt^igjw 
for  a  modern  theatre  were  unnecessar>\ 

I  therefore  purposely  iissurned  the  difficidtios  of  a  site  in 
be  middle  of  a  mwk^  cliisely  built  up  against  on  either  ^^ide  tind 
:>pcm  only  front  and  rear  and  to  the  sky  above.  To  tuidve  tht^ 
illustration  more  complete,  1  also  asaumtxl  a  minimum  wiiith  of 
site.  The  pur]Hi«e  is  to  show  that  the  fuinlamental  requiremiiUw 
for  safety  of  the  audience  and  safety  of  the  tin*  tindtTwriter^s 
risk  can  all  be  adequately  met  on  almost  any  kind  of  i^»te^  and 
that  it  is  not  diffiiudt  to  provide  far  more  safe  and  generous  exit 
than  is  often  found. 

The  drawings  set  forth  the  proposed  mcnina  of  providing 
several  exits  so  clearly  that  Httle  di?scription  in  ntn-ef^HMry.  I'hf^ 
total  seating  capacity  is  about  1500^  a  large  hounr,  'IIh'  jmintu 
of  chief  interest  aror 

1st.  —  The  ample  exit  in  four  different  direi-tionh  from  thn 
balcony  and  the  gallery.  1  would  call  particular  unenlion  (o 
the  exits  at  the  front  eornern,  which  have  a  Hfjcrial  value*  in  lieinn 
~  Iways  in  .sight  and  in  front  of  the  sitter;  thew  will  Ifind  to  relieve 
lie  crush  towartl  the  rt>ar. 

2nd.  —  The  une  of  a  tower  lire  escape  (in  tho  n-ar  at  th*'  left) 
aodcled  on  the  Line  of  the  Phihulel|>hia  factory  hi^  eHrjipf,  rtitu- 
aurdcating  with  the  open  air  and  with  no  door  from  auditorium 
stage  or  dressing  room  opening  clirf-ctly  into  the;  rtlair  tower 
roper;  it  being  requirefi  that  pjiHsage  be  made  frojn  thft  audi- 
Drium  out  acrosa  a  platform^  freely  open  to  the  air,  before  fJie 
tairway  can  be  entered.  This  arrangement  iimki*«  it  ahjHj*<t 
ertain  that  the  stairway  will  always  be  free  frnrri  «moke. 

3rd. ' —  Note  that  the  stairway  exits  from  gallery  ni-arfmi  tho 
ctt  are  entirely  sc^parate  from  exit^  from  ot  tier  llu^jrH  an<l  wfrvtf 
be  gallery  onJy.  To  still  further  favor  rapid  exit  from  Ih*'  yml' 
ff  two  additional  exits  •  from  the  mifldle  p<jrtion  of  the  ^eating 
f  drop  to  a  corridor  below,  making  bix  exitH  in  all,  smd  thenw 
scattered  that  choking  a^xrut  their  entranciiit  would  tkpiaur 
-'  impossible.  As  &  means  of  sefmraling  ttie  gallery  exit  fron*  t  hnt 
of  the  baJcony,  I  have  in  the  spiral  la^^out  of  the  irtairi  empj/>y'  d 
U  novel  device  analogous  to  a  double-threaded  acreiir. 
■  4th, — It  will  also  be  noted  that  in  view  of  the  enelrjwd 
Bitiialian  two  an^^le  exit^  of  large  &ze  have  been  prov'ulM  to  the 
H^ey  in  the  rear,  far  bath  audience  and  sta^e  peoplej  eath  bdog 
K^sort  of  fimroaf  taniieL 

5Ch. — it  win  alao  be  noted  that  proviidon  has  been  made  for 
permiuinf  dayrti^t  to  enter  the  auditorium  and  «la|BB  ipace.  but 
that  the  wwkm  can  be  dosed  and  dai^igbt  exdiided  whtl«'  an 

^^lazed  wita  prism  0am  lor  better  diihmitm  ei  l|sbt  if  the  open-air 
court  is  naovw. 
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Seats.  —  The  width  of  individual  seats  is  more  a  mat tcr  of 
comfort  than  of  safety.  The  distance  back  io  back  of  seats^  how- 
^ever,  ia  a  matter  of  vital  importance,  as  this  largely  cleterminea 
the  aisle  space  between  seats.  >  This  dimension  measured  in  a 
horizontal  direction  is  usually  fixed  by  law.  The  Boston  building 
law  requires  thirty  inches  as  a  minimum,  and  the  New  York  law 
tlurty-lwo  inches^  for  all  seats  in  auditorium  except  those  in 
boxes. 

Both  the  New  York  and  Boston  building  laws  require  that 
not  more  than  fourteen  seats  shall  occur  in  any  one  row,  or  six 
on  each  side  of  the  centnd  two  seats.  The  National  Fire  Pro- 
tection Association's  proposed  standard  ordinance  requires  tiiat 
no  gallery  seat  shall  have  more  than  four  seatia  intervening  be- 
tween it  and  an  aisle^  or  more  than  ten  seats  in  a  row  between 
any  two  aisles. 

Ai§le.S.  —  A  brief  comparison  of  requiremente  is  a^  follows 


Aisles  haying  seats  on  both  sideSi 
mill,  width , 

Aisles  having  seats  on  both  sides, 
increase  toward  exits,  per  5 
feet, 

Aisles  having  seats  on  one  side, 
min.  width 

Aisles  having  seats  [on  one  side, 
increase  toward  exits^  per  5 
feet , 


N.  Y.  law. 


36  ins. 

1|  ins. 
36  ins. 

IJ  ins. 


Boston. 


30  ins. 


lin. 


N.F.P.A. 

Ordtnaiu». 


36  ins 


ms«] 


H  ms 


All  authorities  agree  that  it  is  desirable  to  increase  the  widfl 
of  aisles  toward  the  exits.     Mr.  Freeman  states   that,   in  his 
opinioDj 

the  width  of  the  aisles  near  the  stage  might  reasonably,  and 
with  advantage,  be  made  much  narrower  than  the  law  now  p€ 
mits,  thus  inereasing  the  number  of  goo<i  scats,  an<l  the  earnii 
capacity  of  the  house  enough  to  pay  good  interest  on  the  cost  i 
making  it  safer  and  providing  more  numerous  aish^s,  exits 
Btairways  at  the  retir.  ...  It  is  far  better  to  introduce  add 
tional  aisles  at  the  expense  of  nifiking  all  the  aijsles  narrower. 

In  the  requirements  of  the  standard  code  of  the  National  Fif 
Protection.  Association  given  above,  it  will  be  notcti  that  side 
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aisles  are  made  wider  llian  iDtcniie<liate  ones.  This  i»  because 
people  naturally  conm-e^ate  at  the  sides  in  reaching  exits,  and 
especially  emergeiiey  exits,  which  usually  lead  from  the  aide  walls. 

Steps  in  AUlvs. 

Stepg  in  tmhi^  f*hall  be  the  full  vvidlli  of  (he  aisle.  No  risers 
shall  be  more  than  9  inches  in  height,  and  no  treatl  shall  be  lens 
than  10  incht>s  in  wirlth,  and  whenever  the  rise  of  seat  platforms 
is  4  inches  or  less,  the  floor  of  the  aisles  shall  b(^  made  as  a  gradient. 
Where  steps  arepiac^Hl  in  passfige^s  they  shall  be  grouped  together 
anii  shall  be  elearly  lighted.  No  st^iol,  seat  or  other  obstruction 
shall  be  placed  in  any  aisle,  § 

Mr.  Gerhard  advises  that  aisles  should  always  be  planned 
with  gradients  or  inclines  instead  of  steps.  This  is  usually  very 
di flio ul t  of  aeciimi jI Is hm eat. 

Passages.  — 

The  width  of  fiassages  and  hallways  shall  be  computed  in 
the  same  manner  a*s  provided  for  stairways,  but  no  passage  may 
be  ie^ss  tlian  5  feet  in  width. § 

Fojers,  Lobbies,  etc,  — 

According  to  the  New  York  law,  **  the  foyers,  lobbies,  corri- 
dor«i,  passages  and  rooms  for  the  use  of  the  audience,  not  including 
aisles,  shall  on  the  fir.stor  main  floor,  where  the  seating  capacity 
exct^^ds  500j  be  at  letist  16  feet  clear,  back  €>f  the  Isist  row  of  seats; 
SLud  on  each  balcony  or  gallery,  at  least  12  feet  clear  of  the  last 
xow  of  seats/* 

The  Boston  law  requires  the  aggregate  capacity  of  all  such 
ioyer^r  lobbif^,  etc.,  on  each  tier  to  be  sufficient  to  contain  the 
whole  miraber  of  persons  to  be  accommodated  on  such  tier,  in  the 
ratio  of  one  square  foot  of  floor  room  per  person.  In  the  opinion 
of  Mr,  C.  IL  Bla,ckall,  who  has  probably  designed  more  theatres 
than  any  otIuT  Ameri( an  ar(*hitect,  and  who  was  a  member  of  the 
National  Fire  Prevention  Committee  whicli  drew  up  the  propo&e<l 
Btandai'd  code  on  theatre  construction  and  equiiiment,  this  jnelhod 
of  specifying  fo^^er  and  lobby  space  is  excellent,  but  the  space 
allotted  to  each  person  is  too  small.  Mr.  BlackalJ  has  recom- 
mended not  less  tJian  two  stpiare  feet  of  space  per  person,  but 
the  proposed  standard  code  yirovides  for  a  compromise,  inz., 
an  aggregate  capacity  of  foyers,  lobbies,  hallways,  passages, 
etc.,  not  including  aisle  space,  on  each  tier,  to  accommodate  the 
entire  number  of  persons  on  such  tier,  at  the  nitio  of  150  square 
feet  of  floor  si)ace  per  KKl  persons. 
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The  ventiiatioTi  of  smoke  from  such  ftiyera,  lobbies,  etc.^ 
important. 

Courts.  —  Previoua  reference  has  been  made  to  cmergeuey 
courts  which  are  usually  placed  at  the  mlv^s  of  the  auditorium. 
In  the  absence  of  local  municipal  requirements,  the  following 
ehould  be  used  for  all  buildings  used  for  theatrical  or  open 
purposes,  or  for  motion  picture  shows: 

When  only  one  side  of  building  faces  on  a  street,  one  court 
must  be  located  on  the  opposite  side.  On  an  inside  plot,  where 
only  the  front  of  building  is  on  a  street,  courts  are  requiretl  od 
both  sides.  Conrts  to  be  not  less  than  8  ft.  wide  for  a  total 
capacity  of  750  persona  or  less,  —  10  ft.  for  between  750  an<l 
1,000,  —  to  be  increased  one  foot  for  each  additional  500  or 
fraction  thereof  in  excess  of  1,0(X).  Courts  to  extend  at  lea^  the 
full  depth  of  auditorium,  to  be  open  to  sky,  and  if  they  do  not 
open  directly  on  street,  hre-resisliiig  corridors  or  passages  to 
street  must  be  provided.  Passages  to  be  at  least  as  wkle  as  the 
courts  served  by  them,  and  courts  or  conidors  to  be  flush  with 
stjeet  at  entrances,  using  not  over  10  per  cent,  gradients  to  over- 
come differences  in  levels  or  not  over  12^  per  cent,  gradients 
runs  not  over  10  ft.  long. 

Entrance  and  Exit  Doors- —  Entrance  doors  should  never 
less  than  5  ft.  wide  in  the  c  lear,  nor  emergency  exit  doors  less  than 
4  ft.  wide.  The  New  York  law  requires  all  public  entrance  or 
exit  doors  to  be  not  less  than  5  ft.  in  width,  t^j  be  increased 
20  inches  for  each  100  persons  in  excess  of  500  to  be  accommo- 
datetl. 

Hanging.  —  .VU  doors  should  opim  out,  be  hung  so  as  not  to 
obstruct  the  width  of  passage,  and  be  provided  with  fasteninf?s 
capable  of  ijistant  operation  from  the  iftside.  Most  exccllcnl 
devices  of  this  character  are  now  made,  —  as,  for  example,  the 
"Von  Duprin"  self-releiising  fire  exit  latch, —wherein  a  metal 
push  bar  across  the  entire  wi<lth  of  the  door  controls  t^p 
bottom  latch  bolts.  The  push  bars  are  placetl  about  w^aist^hi| 
and  the  least  pressure  on  same  releases  the  bolts  at  once, 
hardware  is  placed  on  the  outsiiie  of  such  doors. 

Electric  door  openers,  controlled  liy  a  push-button  on  stage 
in  manager^s  office,  have  been  used,  notably  in  the  Abbey  Then 
in  New  York  City,  and  in  continental  theatres;  but  such  oj 
tion  is  liable  to  accident,  and  is  not  to  be  compared  witli 
devices  mentioned  above. 


Entrance  and  exil.  <loor8  Bhoiild  never  be  provided  with  locks; 
neither  should  false  doors  or  windows,  or  mirrors  resembhiig 
either,  ever  be  employed. 

Marking.  —  All  door^  opening  from  the  auditorium  should 
be  plainly  marked  with  signs,  preferably  illuminated  by  electric 
light,  with  letters  not  les8  than  fi  inn.  high.  If  exit  doors,  the 
sign  should  rnafl  EXIT,  followed  by  ttie  number  of  the  doorway 
corresponding  with  the  number  marked  on  floor  plans  printed 
in  the  program.  If  leading  to  some  room,  such  as  coat  room,  or 
toilet,  etc.,  the  sign  should  be  marked  accordingly. 

Means  of  Egress. 

8tatrs  shoukl  be  planned  with  direct  course,  —  ample  width 
for  maximum  travel,  —  easy  rise,  —  wide  treads,  —  frequent 
lanchnga,  —  rigid  wall  rails,  —  center  rails  for  wide  runs,  —  and 
ample  and  dependable  light..  In  other  words  they  f?houId  be 
arrangfHl  so  simply  and  safely  that  one  could  easily  traverse  them 
to  the  bottom,  even  in  darkness,  by  following  the  hand  rail. 

They  should  not  be  planned  with  **  winders,''  —  single  steps,  — 
long  unbroken  runs,  —  sharp  comers,  —  or  abrupt  chaBges  in 
direction. 

Most  building  laws  in  American  cities  prescribe  not  more  than 
73  in.  rise,  not  less  than  lOf  in.  tread,  with  a  maximum  number 
of  fifteen  risers  in  any  one  run.  For  this  length  of  run  the  step 
measures  given  above  are  too  steep  for  a  large  crowd  of  people. 
Fifteen-step  runs  should  preferably  have  ri.st.-rs  of  not  over  6  J  ins., 
and  trends  of  nrJt  less  than  12  ins.  The  T^-in,  by  lOj-in.  rise  and 
tread  should  not  be  used  for  runs  over  six  or  eight  steps.  Also, 
all  treads  not.  carpeted  should  be  provided  with  some  form  of  non- 
elipping  tread,  such  as  the  Mason  Safety  Tread. 

For  further  details  as  to  stair  planning  and  construction,  see 
Chapter  XV*  For  special  requirements  tus  to  stairs  in  theatres, 
eee  local  building  code*?,  or,  preferably,  the  standard  code  of  the 
National  Fire  Pro t^ '(it ion  Association, 

Double  or  Overlapping  Stairs  are  frequently  employed  in 
theatre  planning  to  eeonomize  room.  This  device  was  used  by 
Mr*  Fri:«man  in  planning  one  set  of  balcony  and  gallery  stairs^  — 
see  Fig.  294,  —  but  the  arrangement  of  such  stairs,  in  their 
simplest  form,  is  more  plainly  shown  in  Fig.  ZIZ  which  illustratea 
their  apphcation  to  schoolhouse  requirements.     Exactly  the  same 
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arranRpTiient,  except  that  runs  are  used  on  all  four  side^i  of  the 

well-room,  is  shown  in  Fig.  21K5,     Double  circular  stall's,  one  ruQ 

over  the  other,  have  also  bwn  iised  in  some  cases  —  notably 

in    the    "New   Theatre/*    New    York 

City. 

Inclines  or  Bainps  liavf  been  used 
to  some  extent  for  theatre  exits  instead 
of  stairs.  The  employment  of  t-hia 
deWee  to  reach  both  jiarquet  and  bal- 
conj^  from  the  lobby  has  previously 
been  pointed  out.  See  page  703 »  An 
incline  was  also  employed  by  Mr, 
Freeman  in  his  illustrative  plans,  to 
secure  ejcit  from  an  inside  stair  tower- 
See  Fig.  289.  In  the  Nixon  Theati«, 
Pittsburgh,  double  inchnes  were  used 
from  the  foyer  to  balcony  at  a  grade 
of  1  :  12.  It  fthould  be  said,  however, 
that  their  use  is  almost  always  merely 
supplemental  to  regular  stairways, 
except  for  short  runs,  which  should 
always  be  inchnes  where  possible. 

Escalators  have  also  been  used  in 
some  theatres  aa  an  additional  means 
of  communication  between  levels  — 
one  run  from  lobby  to  biilcony,  and 
a  separate  run  from  balcony  to  gallery. 
Of  course,  they  only  fiupplement  ade- 
quate stairways,  but  even  so,  tlieir  use 
should  be  condenmed*  No  device 
which  is  subject  to  breakdown  shou 
be  permitted  for  public  use. 
Lfj^htinjB^.  —  The  lighting  of  all  stairs,  inclines,  escalatorS|  etc" 
should  be  so  arranged  as  to  be  at  least  partially  independent  of 
the  main  source  of  supply.  In  some  instances  one-half  the 
corridor  and  stair  lights  and  other  important  emergency  lights  arc 
placed  on  a  separate  circuit  wdiich  may  be  thrown  in  immediately, 
when  desired,  Mr,  Blackall  has  also  used  small  storage  batteries, 
in  series,  connected  with  the  exit  lights,  so  that,  in  case  of  acci* 
dent  to  the  main  service,  the  battery  storage  would  mainta 
the  exit  lights  for  at  least  twenty  minutes. 
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Fia.  295.  —  Double  or  Over- 
lapping SLalra. 
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It  should  be  needless  to  aay  that  iUuminating  gas  flhould  never 
be  used  in  theutre.H. 

Outside  Fire  Escapes  Imve  been  considered  in  detail  in  Chap- 
ter XV,  but  for  theatres  and  other  buildings  of  public  assemblyj 
especial  care  is  necessary  in  bolii  dfrsign  and  construction.  The 
]:u:^ge  number  of  people  who  may  have  to  rely  on  such  means  of 
escape  in  time  of  emergency  makes  the  lighl,  flims^^,  and  poorly- 
designed  fire  escape  of  ordinary  pattern  wholly  unsuitable.  But 
the  plan  or  arrangement  of  fire  escapes  is  fully  as  vital  as  their 
construction. 


fi       Stage 

95      BatidlBff 


E  tj         Scenery 
JJoor 


Kost 


West 


Fia,  2M,  —  Fire  Escapea  on  Iroquois  Theatre. 


The  fire  escapes  which  were  provided  in  the  rear  of  the  Iroquoia 
Theatrej  as  shown  in  Fig.  296,  have  been  termed,  by  Mr.  Freeman, 
fire  tra[>s^  instead  of  fire  escapes. 

The  fire  and  Bmoke  issuing  from  the  door  marked  'F' 
ascended  and  enveloped  the  fire  escape  leading  dowm  from  the 
upper  gallery,  so  that  many  who  crowded  out  through  the  door- 
way and  stooil  on  the  upper  platform  at  'A*  coulrl  not  descend, 
and  .^veral  in  their  terror  jumped  about  40  feet  to  their  death 
on  the  hard  ground  below. 

As  regards  the  construction  of  fire  escapes,  the ,  following 
regulations  sliould  be  rigidly  followed: 

AH  exit  balconi(*s  and  stairs  shall  be  constructed  of  steel 
throughout  or  of  other  forms  of  fireproof  construction  approved 
by  the  Superintendent  of  Buildings.     Risers,  treads^  plat  forma 
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and  balconies  must  be  ^olid,  without  perforations  or  slats^ 
the  construction  must  be  of  strengtir  Jo  safely  sustain  a  live  loai 
of  100  pounds  per  square  foot.  Sheet  metal  or  other  suitable 
soHd  material  ishall  be  provided  to  a  height  of  not  less  thiin  4  feet 
on  the  ouler  side  of  all  th(*s<»  open  air  Htairs,  balconies  and  plat- 
forniB.  All  open  air  stairs,  balconies  and  plalforjus  shall  be 
covered  with  a  metal  IhmxI  or  auning  to  l)e  constructed  in  sue" 
a  mannpra^  shall  be  apf>roved  by  the  Superintendent  of  Building 
There  shall  be  no  openings  in  any  thc;itro  wall  between  the  i 
side  balconies  or  stairways  and  their  covers,  except  the  require 
exits  from  the  tier  served  by  m\id  atairs  and  balconies.  No  person 
of  the  audience  mu.st  be  obligod  to  pass  alongside  of  more  than 
one  exit  doorway  after  reaching  an  outs?ide  Ijah^ony  to  get  to  the 
ground.  All  exit  stairs  anil  balconies  shall  be  kept  froo  of 
istructions  of  ev^ry  kind  including  snow  and  ice.§ 

The  hoods  or  awnings  Bpeeihcd  above  are  of  two-fold  value; 
the}^  serve  to  prevent  flames  from  exit,  doors  extending  to  fire 
escttpas  above,  and  also  to  protect,  iRomewhat,  the  siaii-s  and 
landings  frf^^jo  snow  and  ice. 

The  Stage  anil  Its  Appurtenances.  —  The  principal  feaiti? 
in  connection  with  the  stage  which  demand  stieeial  considerate 
from  a  fire  protection  viewpoint  inelude  tlie  cutting  ofT  of  sta 
from  auditorium  by  means  of  proseeniutn  wjill  and  fire  curta 
vents  over  stage,  the  safety  of  the  stiige  jscrsonnel,  the  constm 
tion  of  fly  galleries,  gridiron  and  roof,  and  preventive  measu 
in  connection  wi(h  the  stage  furnishings. 

The  Proseenliini  Wall  should  preferal>ly  comply  with  the  ^ 
the  following  requiremenis: 

A  fire  wall  built,  of  brick  or  concrete  not  less  than  tweli| 
inches  thick  in  any  i)Drtion  shall  sepiual^i  the  auditorium  from  I 
stage  and  shall  extend  at  least  four  feet  above  the  stage  roof,  ( 
the  auditorinm  roof  if  the  latter  be  the  higher.  Any  windows  j 
the  structure  above  the  auditorium  w^hich  face  over  roof  of  staj 
section  when  within  100  feet  of  the  stage  roof  must  be  protected 
with  wiivd  glass  windows  in  nit^tal  frames  with  auttmiatie  elosin 
attacliments.  All  windows  within  30  feet  shall  also  be  protect 
b^y  shutters.     Above  the  proscenium  opening  there  shall  boj 

,  pirder  or  other  su|>f>ort  of  sufficient  strength  to  carry  safely  i 

[load  above,  and  it  shall  be  properly  fireprouft^L 

Operunga  between  the  stage  and  auditorium  other  than  i 
proscenium  oi»ning  shall  not  exceed  four  in  number,  two  at  1 
approximate  stage  level  and  two  in  the  musicians'  pit;   the  a 

.of  any  such  openings  shall  not  exceed  21  square  feet.     The  opi 

Siags  at  stage  level  shall  have  an  automatic  fire  door  on  one  s" 
of  the  wall  and  a  self-closing  fireproof  door  at  the  other  side  of  1 
walJf  and  openingSj  if  any,  below  the  stage  shall  have  a  self-closii 
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fire  door,  anri  all  of  said  door?  i*ImU  hp  hung  ro  as  to  bo  opened 
from  either  sid«  of  tlie  wuU  ut  all  Limes. § 


If  a  nU^el  girder  or  truss  ia  uued  over  the  prosceniQin  opening, 
the  same  should  be  thoroughly  ]>rotecl«d. 

Fire  Curtains*  —  Binee  the  Iroquois  Theatre  fire^  no  detail 
of  theatre  eonstruetion  ha.s  been  so  thoroughly  discussed  in  public, 
print  aa  the  matter  of  fire  curtains.  The  importance  of  the  fire 
curtain,  forming  as  it  doe«^  the  vulnerable  portion  of  the  pro- 
eeenium  wall,  und  acting  as  a  eut-ofl"  to  prcn'ent,  flame,  smoke  and 
gases  from  entering  the  auditorium  from  the  stage,  is  em- 
pha8ize<l  by  all  authorities,  and  dcmonstrutett  by  testis,  both 
experiment;!!  ami  actuah 

Au.strtan  Eiperlnients.  —  As  a  direct  remdt  of  the  fatal 
King  Theatre  fire  in  \  irnna  in  1881,  a  committee  of  the  Austriitn 
Society  of  Engiiieers  made,  in  1885,  a  scries  of  exrw^imenta!  tpj^ts 
with  a  model  of  the  Ring  Theatre  built  to  one-tenth  Uneal  scale. 

Two  Beta  of  experiments  were  made  to  investigate  what 
Mr.  Saclis  calls  the  three  periods  of  a  theatre  fire,  —  the  first 
period  comprising  the  lime  during  which  the  stage  m  afire,  but 
before  flame  is  communicaled  to  the  auditorium^  —  the  second 
period  bt^ing  when  the  auditorium  is  well  alight,  —  and  the  third 
jierioil  covering  the  final  destruction  of  the  entire  buikling. 

The  first  set  of  experiments  was  made  with  the  vents  over 
stage  tightly  closed.  Actual  stage  condition's  were  i?imidat(*<l  by 
hanging  sheeLs  of  paper  to  represent  scenery,  the  amount  of  com- 
bustible malerial  being  proportionately  leKs  than  fre<piently 
occurs  in  actual  practice.  The  danger  to  an  audience  during 
the  first  period  was  clearly  shown,  esp<M^ia!ly  in  the  raind  travel 
of  deadly  fumeg  from  stage  to  auditorium.  The  gases  on  the 
stage  expandetl  so  rapidly  that,  w^itliin  17  seconds,  the  curtain 
was  blown  into  the  auditorium;  and  even  before  the  auditorium 
was  filled  with  smoke,  the  gas  fights  were  extinguLshetl  by  pres- 
sure of  air  from  the  stage.  The  highest  pressure  occurred  within 
2D  seconds  of  the  stage  being  well  afight,  and  was  of  sufficient 
intensity  to  cabT  the  gas-piping,  drive  oack  the  gas,  antl  even  to 
extinguish  fights  outside  of  the  auditoriuoK  These  experiments 
seenied  to  jirove,  conchjsively,  why  the  fights  in  the  Ring  Theatre 
were  extinguished  so  soon  after  the  outbreak  of  fire.  They  alh>o 
demonstratetl  the  unsuilability  of  gas  as  a  means  of  iUumination. 

In  the  second  series  of  tests,  the  two  8t4ige  ^^ents,  equaling 
about  one-tenth  of  the  stage  area^  w^ere  closed  by  shecit.fi  of  paper, 
in  an  edort  tti  a|jproximat.e  conditions  of  automatic  openmg. 
The  first  vent  ojwned  in  12  seconds,  and  the  second  in  20  seconds 
after  the  outbreak.  No  dangerous  gjises  entercid  the  auditorium, 
and  no  gas  lights  w^ere  extinguished.  On  the  contrary,  the 
draught  from  the  auditorium  to  the  stage  waa  so  great  as  to  bulge 
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the  iron  curtain  toward  the  stage  to  such  im  extent  slb  to  cau 
collapse. 

A  later  t^erici*  of  similar  tests  was  made  in  Vienna,  in  19 
by  the  Austrian  (Jovernment.     A  ino(hd  of  reinforced  concrete 
was  uniiilj  approximating  Jrd  the  linear  dimensions  (or  n^^lh 
the  cubical  contenU)  of  an  ordinary  theatre.     The  dednctioil 

were  almost  preeisely  a:3  in  the  earlier  sorie*?,  — viz^,  the  efTieicng 

of  open  stage  vents,  and  the  danger  to  audience  when  such  vents 
were  closed.  In  the  latter  ciuse,  the  air  pre.ssure  wa.s  sufficient  to 
pre\'C"nt  the  quick  operation  of  curtain,  and  even  when  down,  ga3 
and  flames  were  soon  driven  around  its  edges  into  auditorium. 


Types  of  Fire  Curtains  comprise  those  of  wire  gauze,  for- 
merly used  in  some  continental  theatres,  but  now  generally 
abaadonedj  —  w*oven  asbestos  curtains,  —  sohd  metal  curtains, 
—  and  combination  steel  and  asbestos  curtains. 

The  Form  may  be  either  a  "'sliding"  curtain,  where  the  curtain 
is  made  to  slide  in  front  of  the  opening,  either  in  one  piece,  or  in 
pieces  from  either  side,  —  a  "shutter"  curtain,  wherein  three 
leaves  similar  to  shutters  are  hung,  tw*o  at  the  sides,  and  one  at 
the  to|>  of  proscenium  opening,  the  three  locking  together,  — or, 
as  is  now  almost  universal,  a  "drop"  curtain,  usually  lowered 
from  above. 

The  Opemiion  may  be  manual,  hydraulic,  electric,  or,  as  is  ge 
erally  required,  a  combination  of  the  manual  with  either  of  tke 
others, 

FuactioDS  of  Fire  Curtaln^s.  —  It  should  be  evident  fr< 
the  preceding  portion  of  this  chapter  that  a  proscenium  arch  fid 
curtain  is  not  intended,  in  the  absence  of  other  means  of  fire 
protcclion,  to  confine  indefinitely  a  fire  originating  on  the  sta 
to  that  location.  It  is  more  than  probable  that  no  practieab 
curtain  could  be  devised  which  would  accomplis:h  this. 

The  primary  object  of  a  fire  curtain  is  to  confine  fire  originatiq 
on  the  stage  a  s^ufliciently  long  time  to  permit  the  audieno 
under  the  worst  conditions,  to  evacuate  the  budding  completely 
and,  as  has  been  seen  in  connection  with  the  Iroquois  Tlieatn 
this  may  be  as  long  as  eight  or  nine  minutes,  or  even  more,  aft^ 
the  outbreak. 

The  protection  of  property,  or  the  absolute  separation  of  fire" 
on  stage  from  auditorium,  should  be  but  a  secondary  .consideru- 
tion;  but  ex^eii  this  function  may  be  reahzetl  if  the  curtain  is 
dc^'gned  with  that  Qnd  in  view,  and  if  the  stage  its  i>rovided  with_ 
adequate  means  of  fire  protection  to  reinforce  the  curtain. 
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continental  citif^^  llie  ordinary  tlrop  (curtain  m  frequently  vo- 
qmred  to  be  of  woven  asbestos,  in  addition  to  a  separate  fire 
curtain.  Thin  proviHiou  \h  \vit?e  in  that  such  a  (nirtaiii  vvoultl  ^o 
far  to  protect  the  fire  curtain  from  the  severity  of  a  ftla^e  fire. 
The  soM^alied  ^'liadequin'^  and  even  the  first  set  of  wings  are  also 
sometimes  made  of  asbestos. 

Woven  Asbestos  Curtains.  —  Prior  to  the  Iroquois  Theatre 
fire,  the  wov(  n  asbestos  drop  curtain  was  the  usual  type  in  rno«t 
Ameriran  tlieatres;  indeed,  it  is  stilly  in  tlxose  cities  where 
somethinj^  better  is  not  required. 

Such  curtains  are  generally  made  of  what  is  known  aa  '*  metal  lie 
asbestos  cloth/*  where  each  8tran<i  of  asbestos  yarn  is,  in  the 
proci*^  of  manufaeturcj,  wound  with  a  strand  of  tine  bni-ss  wire, 
and  this  combination  of  a^sbestos  thread  and  wire  is  then  twisted 
and  woven  into  asbestos  cloth.  This  eloth  is  usually  woven  in 
widths  of  36  ins.,  and  the  curtain  is  made  of  these  widths  running 
longitudinally,  or  up  and  do\\^,  in  the  curtain,  being  lapped  about 
two  inches  and  Bew*»d  togetfier  with  iisbestos  threa<l  or  sewing 
twine.  These  curtains  are  furnished  with  roll  pockets  at  the 
base  and  at  top,  through  which  are  run  suitabli>sized  galvanizerl- 
iron  pipes,  the  lower  one  as  a  weight  and  stiffener,  antl  the  upper 
one  to  receive  the  attachment  of  tlje  raising  de\'ices.  The  autli- 
torium  face  is  then  generally  painted  bj-  the  scenic  artists.  The 
largest  curtain  of  this  type  of  whicli  the  writer  has  knowledge  is 
ttiat  in  the  Xew  York  Hippodrome,  vvhieli  measures  93  ft.  8  ins. 
in  width  by  ;i7  ft.  7  ins.  high. 

The  objections  to  such  curtains  are  three- fold.  They  are  nut 
sufficiently  fire-resisting  to  guarantee  an  endurantie  long  enough 
to  allow  the  audience  to  escape,  —  they  are  not  proof  against 
tearing  or  puncture  from  falling  objects,  —  and  they  are  not 
Rufiicientlj^  reliable,  even  w^hen  reinforced  by  stage  spritiklers, 
etc.,  to  act  as  an  efficient  cut-off  in  saving  the  auditorium  from 
a  prolonged  1  fire, 

Notwitlist  anding  public  opinion  to  the  contrary^  asbestos  fibre 
or  asbestos  clotii  is  far  from  fire-resisting  as  the  term  is  now 
properly  used.  Asbestos  fibre  loses  its  water  of  combination  at 
a  temjjerature  of  between  700  and  SOO  degrees  Fahrenheit,  so  that 
a  heat  of  1,500  or  2,000  degretiss  soon  dissipates  the  chemically 
combined  water,  and  causes  the  fibres  to  lose  strength  in  a  re- 
markably short  time.  The  fusing  of  the  glass  in  the  skylights 
over  the  Iroquois  stage  indicated  a  temperature  of  1,650°  F. 
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Expenmtntal  Tests. — The  iijcxst  oxluiiLstivo  lesU  of  asbestOB' 
cloth  or  aabestas  ciiuviis  which  have  ever  been  made  by  a  dis- 
intereistBl  oh.-^f rver  arc  undoubtcflly  thof^e  miule  by  Mr,  John  R. 
Freeman  immediately  after  the  Iroquiiis  disaster.     From  numer- 
ous and  careful  ex|>erimt^n<.s,  Mr.  FrtH^mun  concludes  lis  followis:* 

In  brief,  we  found  that  emTi/  one  of  these  spfcimem  of  asbestm 
canvas  J  Efujti^h,  Fremii  ami  Amirican  aUtce,  when  heated  for  from 
two  to  Jire  tiiinnles  to  a  little  belong  redfUHH  in  a  ciimmon  gaa  flauijef 
or  harety  to  rednem  in  the  BanHen  fiame^  lost  from  ^ixiy  per  cent,  to 
ninettj  per  cent,  of  its  strength^  and  that  t  fie  fibre  became  ve 
brittle. 

We  were  surprised  to  find  that  the  samples  with  the 
insertion,  when  tested  hot,  were  no  stronger  than  the  sam^ 
without  wirt'.     On  cooling,  they  regained  a  little  of  the  stren 
due  lo  the  wire. 

Aettml  Teyts  u(  asbestos  curtainht  iu  theatre  fir(\s  may  be  cil 
as  f<illtivvs: 

The  (iirard  Avenue  Theatre,  in  Philadelphia,  was  df*stro; 
October  28,  1*.M)4,  by  a  fire  widish  hrokt*  out  on  the  stage  at  al 
3  A.M.      On  the  arrival  of  the  firemen,  about  three  minutes  afi 
the  alarm  was  turned  in,  no  fire  or  smoke  w^as  to  be  seen  in  the 
auditorium;  and,  possibly  aided  by  a  coo]  indraft  from  the  audi 
torium  to  the  open  vent.«  over  ><tage,  the  asbestos  rurtain  acted 
fiw  a  shul-ofT  for  Kome  fifti^-n  minutt^s.     After  this,   howev 
whether  due  to  falling  debris  or  to  passing  tlie  eil^es  of  curtail 
flames  soon  entered  and  destroyed  tlie  auditorium. 

The  Iroquois  Theatre  was  also   f)rovided   with  im   asbi 
curtain  whicti  failp<l,  at  the  critical  moment,  to  work  properly 
As  to  its  condition,  Mr.  Freeman  ma^le  a  minute  examinati^ 
shortly  after  the  fire,  with  Ihc  following  r(!*iult: 


ted     I 
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The  tisbestos  canvas  of  th(*  Iroquois  curtain,  when  exp< 
to  actual  fire,  lost  its  strength  and  fibrous  qualitv  almost  eoi 
pletely,  and  became  so  brittle  that  it  would  crumble  under  a  ve  , 
slight  pressure,   and  became  utterly  ineajiahle  of  withstanding 
the  pressure  of  a  strong  draft  of  air,  and  too  weak  to  hang  uj 
under  its  own  weigh t.f 


Metallic'  Fire  Curtains.  ^  In  England  and  in  continental 
Cities,  ijreference  hjis  generally  been  given  to  inetallie  curtains 
made  of  wdre  gauze  or  netting,  and,  more  recently,   of  flat 
finely-curru gated  iron, 

*  See  **0a  the  Safeguardtof;  of  Life  in  Tbeatroa/'  by  John  R.  Freeman,  pu^ 
45.  t  Ibid. 


Ell 
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Wire  Kiiuzt^  curtains,  whilo  preventing  the.  passage  of  fljimes 
from  stage  to  auditorium^  —  Uke  the  Davy  miner's  larap^  —  <iu 
noi  prevent  the  passage  of  smoke  or  giis,  antl,  what  is  also  im- 
portant, do  not  jjrovent  the  audience  frcnn  obtaining  a  fttU  view 
of  the  eonilitiona  on  (he  stage.  A  em'tain  of  this  type  wan  hung 
in  the  Ring  Threat  re,  but  it  is  problematieal  how  moeh  it  would 
liave  protecitetl  tht^  audieneo,  inasmtich  as  \i  was  not  loweied. 
The  use  of  aucli  wire  curtains  has  htnn  rdiandontHh 


Fiti.  297.  —  t'irt'  CutLiiin.  Prinz  RpRcnten  Th&atne,  Miinirh,  Bfivaria. 


Flat  hon  eurtairis  have  been  maox]  to  some  extent,  but  they 
have  not  proved  sufficiently  rigid  in  practiee  to  resist  the  in- 
creased air  pressuri'  wldch  so  quiekly  follows  fire  on  the  stage. 
'  They  have  fn'qtjently  buckled  out  in  the  center. 

Corrugated-iron  curtains  are  largely  used  in  eontirienial  cities. 
They  are  strong,  and,  if  properly  hung  and  guided,  are  also  smoke 
proof.  Tliey  should  amply  protect  an  audicnee  during  the  time 
required  to  clear  a  theatre,  but^  unless  reinforced  by  automatic 
sprinklers,  "Regan*'  nozzles,  or  some  such  deviccj  the3'  cannot 
be  termed  fire-resisting.  Fig.  297  illustrates  the  stage  side  of 
the  f!orrugated-iron  curtain  in  the  Prin^  Rcgcntcn  Theatre, 
Munich. 
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An  improvement  on  (he  ordinary  corruM-'T"' od-iron  curtain  has 
been  tievi-s<»(J  by  the  Kinnear  Manufacturing  Co.,  wherrby  tlie 
perfect  closure  of  the  proscenium  opening,  the  expansion  of  till 
parts,  and  the  secure  anchoring;  and  hanging  of  curt  it  in  Iiave  be 
secured.     In  brief,  tht^  construction  in  as  follows: 

The  curtain  is  composed  of  sectional  units  formrnl  in  ste 
the  edges  of  which  interlock.     Thcrtc  are  asKcmbled  in  a  vertio 
position  and  attache*!  al  the  top  to  a  fireprcxifetl  lattice  gir 
The  curtain  iti  expandable  in  every  direction:   horizontal  expai 
sion  is  t-aken  care  of  partly  by  the  joints  at  the  edges  of  unii 
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and  partly  by  providing  expunsion  spacps  in  thr  side  prrooves  or 
guide's;  vertical  fixpausion  is  cared  for  by  slot  ted  hahs  in  the 
bottom  member  which  resets  tm  thi^  stage.  All  eonnet'tionfl  <o'e 
made  by  meaiiH  of  bolts  in  slotted  holes.  The  curtain  Is  hung  i>y 
means  of  steel  cables  running  from  tiio  latlu;ed  girder  at  fop  of 
curtain  to  the  eounlerweiglits  at  side  of  arch,  and  further  sujjport 
and  stjtTness  are  i^ecured  by  means  of  six  overhead  rods,  assemnlud 
in  paii'9,  the  upper  ends  of  which  are  snpportcxl  in  air-cushion 
cyUnders.  Stops  on  these  rotis  canse  the  eylinderH  to  act  as  air 
cushions.  All  metal  is  used  in  tension  only,  1  hereby  avoiding  the 
objection  of  employing  compression  membt^rH  exposed  to  heat. 

Fig.  298  illustrates  a  curtain  of  this  make  installed  in  the  Hart- 
man  Theatre,  Columbus,  Ohio,  the  proseenium  opening  measur- 
ing 38  ft.  wirle  by  31  ft.  6  ins.  high.  A  similar  curtain  has  been 
usetl  in  a  theatre  in  Dayton,  Ohio. 


O.  01 
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Fiii.  ays}.  —  Detail  of  "Kinnear"  Fito  Curtain. 


Fig.  29ft  illiLstrates  a  cross-se<ition  and  part  elevation  of  a 
shnilar  *'Kinnesir*'  fire  curtain  devise^l  for  use  in  a  London 
theiitre  of  which  Mr,  Edwin  O.  Sachs  was  the  arehitect*  It  will 
be  noted  that  the*  aides  of  the  curtain,  where  rmming  in  the  guide 
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grooves,  are  fit  ted  wiLh  n  plnte  iind  pair  of  angles, 

wffich  are  fitled  strips  of  wood  or  wood  fibre,  to  prevent  noise  ill 
operation.  Also,  ooniimiom  plates  extend  from  the  grooves 
the  proftceiiiuin  wall,  so  thai,  except  at  the  top^  a  perfect  cloaun 
of  tlie  stage  opening  la  efTectod.  An  emergency  closing  device 
may  be  attached,  in  addition  to  the  usual  power-operating 
machinery. 

Combination  Hteel  and  Asbestos  Curtains  may  eonsiat  ( 
merely  a  framework  of  steel  shapes  to  which  wosen  iisbestos 
attached,  or  of  a  tiolld  steel  curtain  which  is  protected  by  mean 
of  asbestos  in  some  suitable  form, 

fa 


□ 
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Fia.  300*  —  ConibiDation  Stcvl  and  Woven  Aabestoa 

An  example  of  the  former  lype,  frec|uen(iy  found  in  Londo 
theatres,   i.s  illustrated  in   Figs.  300  and  301.     The  fratneworfc 
consists  of  anglesi  to  which  the  asbeslor!  sheets  are  bolted  vviti 


'Angle  Frame 


p™,^;;!'™  ^Band  Iron 


^Cuide 
Fia,  301,  —  Detail  of  St-eel  and  W<m?a  Asbeatoia  Fire  Curtain. 
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continuous  washers  of  hoo|>-  or  band-iron*     A  double  eurtain  is 
f?ometimes  made  b^^  aubsiiiutinK  channels  for  angles,  and  u&ing 
an  inside  and  outside  covering  of  woven  as- 
bestos, as  in  Fig.  302. 

Whilp  more  rigid  against  burkling  or 
d  efi  e  V  i  ion  fro  rn  ai  r  ci  irren  ts,  t  li  rse  I  y pes  are 
still  open  to  nnarly  all  the  objertions  obtain- 
ing in  the  unstifTened  wtiven-ashe.slos  rur-  Fio.  ;;3 o 2.  —  Double 
tain.  Hence  the  Kuggestion,  often  mado  ^^'^^'*'"  A.HbcatoH  Fire 
after  the  Irmiuois  Theatre  fire,  iu  utilize 
the  strength  and  rigidity  of  a  steel  curtain,  but  to  insulate  such 
steel  work,  on  the  stage  sirle,  by  meaiiH  of  aHbestns  or  other  suit- 
able material.  Mr*  Freeman  ma<lo  various  experiment's  with 
asbestos^  iisbesLo^s  felt,  and  ashr^tic  eement,  in  combination  witli 
wire  netting  and  thin  steel  plates.  These  tests  '*were  carried  far 
enough  t.o  prove  an  endiuance  more  than  ample  for  their  purpose 
afl  a  shield  while  the  audience  in  twapittg,  and  it  was  plain  to  all 
w^ho  witnessed  these  tests  that  the  Hheet-steel  curtain,  protectexl 
with  Bomo  asbestic  material  on  the  fire  side,  possefsseil  far  greater 
Birength  and  endurance  against  fire  than  the  simple  asbestos. 
The  thin  shw't  of  steely  moreover,  cut  off  the  view  of  the  fire  tliat 
w^as  apparent  through  the  texture  of  the  asbestos  canvas.'* 

This  method  was  also  given  careful  consniilcration  by  the  special 
committee  of  the  National  Fire  Protection  Association  reporting 
on  "Theatre  Construction  and  Equipment/- —  May,  1911, — 
with  ttie  result  that  the  following  specificationa  were  recom- 
mended for  general  adoption: 

Proficetdum  Ciirimn. 

The  proscenium  opening  shall  be  provided  with  a  rigiil 
fireproof  curtain,  built  in  conformity  with  the  following  Bpecifica- 
tions,  or  their  equivalent  in  efficiency  when  approvetl  by  the 
Superintendent  of  Buildings. 

The  curtain  shall  have  a  rigid,  rivet-jointefl,  steel  frame- 
work. The  fTOut  or  au<iient^o  side  of  the  frame  shall  be  covered 
vn\\i  sheet  ateel  of  a  thickness  not  less  than  No.  16  U.  S.  gauge. 
The  back  shall  be  covered  with  cellular  asbestos  boards  at  least 
one  inch  thick,  or  otlier  material  equally  fire-resisting.  Both 
cov^erings  shall  be  securely  attached  to  the  framework  and  Ihe 
joints  properly  sealed.  The  curtain  shall  be  designed  to  resist  a 
w^ind  pre^ure  of  ten  pounds  per  square  foot  of  surfaco  without 
flexure  sufficient  to  interfere  with  its  closing. 

The  thickness  of  the  curtain  sliall  be  not  less  tlian  3  inches 
where  the  width  of  the  proscenium  \^'all  opening  h  30  feet  or  less., 
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and  curtains  for  lar^or  iiponinp^i^  shall  increase  in  thickness  ii 
proportion  to  tht*  increjii^e  in  width  of  opening  they  co\'er* 

An  asbestos  roll  of  si  diainotf^r  not  less  than  one   half  tli 
thickness  of  the  curtain  shall  be  securely  attaeht^l  to  the  bottoi 
of  the  cmtaiii  to  furtJi  h  smoke  seal  between  the  curtain  and  the 
stage. 

The  cnrtain  shall  overlap  the  proficenium   wall    12   inches 
at  the  sides  lUid  not  less  than  2  feet  at  the  top. 

The  guide  members  at  the  .sides  shall  be  rolled-steel  shapes, 
none  of  which  yludl  l>e  less  than  |  inch  thiek^  and  shall  be  of  stu ' 
character  ns  to  form  a  continuous  smoke  stop  from  top  to  bottoi 
with  a  clearance  of  riot  over  J  inch. 

They  shall  be  installed  in  such  manner  that  in  case  of  hrc 
on  the  stage  the  pressure  of  heated  gasea  against  the  curtain  will 
act  to  close  the  guide  joints  tightly.  PrDvision  shall  be  made  to 
prevent  the  curtain  from  getting  out  of  the  guiding  channel.  The 
proscenium  wall  shall  have  an  offs^ei  at  each  side  of  1  he  opentDj 
so  iocati'd  and  of  such  thickness  and  height  as  to  be  suitable  f( 
the  attachment  of  the  curtain  guides. 

The  wall  over  the  proscenium  opening  shall  be  sraooth  and 
plumb  to  approximately  the  top  of  the  curtain  when  it  if?  dowi 
iiiid  -shall  llier\  ofT.s^'i  at  least  4  incln's  for  the  rest  of  its  heighl 
thus  k'avin^i  a  bench  along  the  hne  of  the  top  of  the  curtain 
tween  which  a  sujoke  seal  shall  lie  formed  by  use  of  roUed-st 
shapes.     The  clearance  at  the  joint  of  this  seal  ehaU  not  exc( 
i  inch- 

No  part  of  a  cm"tain  or  any  of  the  curtain  guides  shall  be 
supported  by,  or  fastened  to,  any  combustible  material 

The  hoisting  appai'atus  for  the  curtain   shall   be  desigtK 
with  a  factor  of  safety  of  8. 

The  points  for  curtain  fluspension  shall  always  be  an  ev< 
number,  but  never  less  than  four.  Two  of  the  suspension  poim 
fihall  he  located  at  the  extreme  ends  of  the  curtain,  and  the  others 
may  be  placed  at  such  points  as  best  suit  the  design^  but  in  no 
case  shall  the  distance  between  any  two  points  of  support  exce^ 
10  feet. 

Half  of  the  cables  attached  to  these  points  shall  lead  to  one 
set  of  counterweight's  and  half  to  another.  The  curtain  shall  be 
operated  by  hydraulic  or  other  mechanism  approveti  by  th<^ 
Superintenoent  of  Buildings.  If  hydraulic  mechanism  is  used, 
the  water  shall  be  taken  from  either  the  house-tank  or  sprinkler- 
tank  supply.  If  from  the  latter,  the  supply  pipe  for  curtain 
n:icchanism  shall  bo  so  located  in  the  tank  that  it  cannot  reduce, 
the  quantity  of  water  below  the  amount  necessary  to  fulfill  t 
sprinkler  requirements. 

The  device  for  controlhng  the  curtain  shall  be  simple 
design,  and  capable  of  convenient  operation  from  both  sides 
the  stage  and  from  the  lie  galkries. 

The  drop  speed  of  the  curtain  shall  be  uniform  and  not  less 
than  1  foot  per  second,  but.  when  the  curtain  is  about  2  j  feet  fromi 
Die  stage  il  shall  automatically  alow  down  eo  as  to  settle  on 
stage  without  siiock- 
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Besides  the?  regular  operating  mechanism,  there  ahull  bo 
an  emergefR-y  device  wliicli  will  cut  off  the  powcY  and  ulluw  tiie 
curtain  to  drop  by  gravity.  Tins  ilevice  shall  be  so  arranged  tliat 
it  cuti  be  ejjj^ily  operated  by  hand  from  each  aulc  iif  the  stage, 
under  the  stage,  utid  iti  the  tie  galleries.  The  device  shall  ali^o 
be  so  designed  that  itj?  opiTiilion  will  be  controlled  by  fusible 
links  locfitwl  at  each  of  the  above  named  points. 

The  audience  ^ide  of  the  curtain  may  be  decorated  with  a 
paint  in  which  no  oil  is  u.^yh  No  combustible  inattTial  i^hull  be 
applied  or  attached  to  the  curtain. 

Drawings  for  every  such  curtain  shall  be  subndtted  to  the 
Sujierintendent  of  Buildings  and  be  approved  by  him  before  it  is 
erecti'cL 

The  curtain  shall  be  operated  at  the  beginning  of  each 
performance. 

Stage  Tents* —  *'  The  foremml  problem  of  safeguarding  life 
in  theatres  is  to  gim  prompt  and  cciiain  vent  to  smoke  and  suffocating 
gas  elsewhere  than  through  the  prosveiiiutn  arch"* 

The  importance  of  mJequate  vents  over  the  stage  has  been 
Bufficiently  attested  in  the  Austrian  experiments  previously  de- 
peribedj  and  in  the  Iroqtiois  and  other  theatre  fires.  Nearly  all 
bidlding  laws  recognize  the  necessity  of  such  vent^?,  but  little 
unifoniiity  of  practice  Ikvs  hitliedo  prevailed,  aial  theatre  owners 
or  managers  ha\'e  not  seemed  to  appreciate  tiie  vital  importance 
of  this  feature-  IFence  the  flagrant  cxainphs  of  vents  obstructed 
or  rcndcrctl  inoperative  fjy  every  conceivable  means. 

The  New  York  Building  Code  requires  the  following: 

There  shall  be  provided,  over  the  stage,  nielal  skylights  of 
an  area  or  combintHl  area  of  at  least  one-eighth  tlie  area  of  said 
ptage,  fitted  up  with  sliduig  sii-sh  antl  ghuetl  uitli  tlouble  thick 
sheet  glass  not  exceeding  one-twelfth  of  an  inch  thick,  and  each 
pane  thereof  measuring  not  less  ihan  3iM*  square  incihcs^  anrl  the 
whole  of  which  .^ikylight  shall  be  so  constructed  as  to  open  in- 
stantly on  the  cutting  or  burning  of  a  hempen  cord,  whicli  shidl 


be  arranged  to  hol*l  saitl  .skyligids  closed^  or  some  other  equally 
simple  apijroved  device  for  opening  them  may  bc^  |)rovidc(h 
Immediately  underneath  the  glass  of  said  skylights  there  shall 


b(^  wire  netting,  but  w^ire  glass  shall  not  be  used  in  lieu  of  tliis 
requirement. 

The  mention  of  a  hempen  cord  instead  of  fusible  links  attests 
the  antiquity  of  the  above*  The  purpose  of  the  thm  gla&s  speci- 
fied  is  evidently  to  provide  some  weather  covering  which  may 
fail  under  fire  in  case  tlie  autoraatic  device  faiH  widle  the  wire 
netting  under  the  glass^  of  which  more  anou,  is  intended  to  prevent 

*  "On  Uie  SafeguardLofi  of  Life  in  Tlieatrca,"  by  JoLd  R.  Freemnn. 
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any  pieces  of  glaag  from  falling  on  the  stage.     Vague  and  in- 
satisfactory  ns  are   the  above  requirementSj   they   have  b< 
copied  frequently  in  other  municipal  reguiatiouH,  until  it  is  hij 
time  that  such  ordinances  be  thoroughly  re  visaed. 
The  Boston  hw  is  mucli  simpler  and  better: 

There  shall  he  one  or  more  vinit  ilatons,  near  the  center 
above  the  higlie^t  part  of  the  stape  of  every  theatre,  of  a  com- 
bined area  of  f>pening  satisfactory  to  the  conimissioner,  but  ii< 
less  liian  one-tentii  of  the  area  of  the  undivided  1  floor  Hpace  bekiin 
the  curtain  at   the  j^tage  level.     The  openings  in   every  suf^l 
ventilator  shtiU  he  r-loseii  by  valvej?  or  lou^Tea  so  counterbalanc 
as  to  open  automatically,  which  Bhal!  b«*  kept  clos?ed,  when  tiat' 
in  urie,  by  a  fuKible  link  ami  cord  reaching  to  the  prompter's  desk, 
and  be  readily  operated  therefrom.     Such  cord  shall  Tbe  of  com* 
bustible  material,  and  so  arranged  that  if  it  is  severed  the  ven- 
tilator will  open  automatically.  -  .  .     Skylight  covermg54  ahiJI 
have  metal  frames  set  with  doubh> thick  glu^s^  ,  ,  ,  or  shall  bn 
protecteii  with  wirc^  gLii*.s.     If  wire  glass  is  not  used,  a  suilahle 
wire  netting  shall  be  placed  immediately  beneath  the  glass,  bill 
above  the  ventilator  opening. 

Types.  —  Fig.s,  303,  304  and  305  illtLstrate  vai'ioiis  arrange- 
ments of  stage    iiHinitor-vcntH  which  have  been  msed  by  Mr. 

Blackall    tmder    the    require* 
ments  of  the   Boston   law. 

Fig.  303  shows  an  arrange- 
ment  of    counterweigh  ted 
louvres  held  shut  by  cord  and 
fusible  link.      This   type  w 
used  in  the  Colonial  Theati 
but  has  liow  been  supersedi 
by  a  better  tyfje. 

Fig,  304  ilhjst rates  a  double 
sliding  skylight,  in  which  the 
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Fia.  303.  —  i^i&gc  VcBt  with  Countt-r- 
weighted  Louvres. 


nd 
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release  of  the  fusible  link  permits  the  two  sections  of  sky  light  to 
elide  on  track  and  roUers  by  gravity.     This  method  was  used  h 

Skyii^rf^t 


Fio.  304.  —  Stago  Vimt  witli  Doublp  fijiding  £jk>'liKht8. 

the  Park  Theatre  at  Waltham,  Masef.,  but  is  not  to  be  recom*| 
mended  R8  the  junction  of  the  skylight  sections  is  hard  to  kcepi 
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tight,  and  llie  skylight  gections  are  necessarily  so  heavy  that  thfiir 
release  by  accident  is  liable  to  cause  considerable  daxnage  tt>  both 
the  skylight  and  the  roof.  One  instance  is  known  where  the 
accidental  release  perniitt.eti  the  aertions  to  roll  with  tnwh  momen- 
tum as  to  carry  one  section  to  the  f^trnet. 

Counterbalanced 
Skylights 


Lliik 
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Fifi»  305.  —  Stage  Vent  with  CountRrbalanned  iSkylighta. 

Fig.  305  jUustrates  a  counterbalanced  skylight,  as  used  in  the 
Gaiety,  Casino,  National,  and  Pl>Tiion(h  Theatres  in  Botiton* 
The  arrangement  is  practically  ideal  from  the  standpoint  of  fu-e, 
but  is  very  diflftcult  to  keep  tight  against  weather. 
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Fig.  306.  —  Stajgc  Vont  with  Counterbalanwd  Shutters. 

Fig.  306  indicates  a  stage  vent  proposed  by  Mr.  Freeman,  in 
which  side  vertical  shutters  are  count erbalanci'tl  w)  as  to  fall 
open  by  the  release  of  fusible  links.     A  vari td  ion  of  the  same  idea, 

y^  Vent 

Fixed 
^SkyJight 


Link 


Mntliticd  Sasb 

to  drqp  to 

KooJ^ 


Fto.  307.  —  Stage  Veat  with  IncJinod  Sash. 
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but  lining  inclinfHj  sanb,  weighted  at  the  top  so  as  tu  make  the 
drop  horizon  tally  to  the  roof^  has  been  worke<i  out  by  Mr.  Bk 
aU>  as  shown  in  Fig,  307.     Of  the  various  t,vpes  shown,  thist 
nndoubteflly  the  best. 

Wire  Netting  under  Vents  should  never  be  tiaecL  In 
AuKfrian  f'Xpcrimcnta  previoiisly  described,  ft  was  found  \h 
Biich  netling  soon  caused  the  choking  of  vents  by  arresting  bffl 
of  charred  paper,  scenery,  etc.  The  Boston  law  properly  re-' 
quiri^  such  rirt ting,  if  use<l,  to  be  above  the  vejit  operting^  but  the 
New  York  law,  in  spite  of  the  conclusiveness  of  the  Austrian 
experiments^  still  requires  the  use  of  wire  netting  immediately 
underneath  the  skylights. 

At  my  visit  to  the  remodeled  Troquoi.s,  I  found  tJie  openings 
in  their  new  ventilating  shafts  scret^ned  by  wire  netting  in  a  way 
that  would  probably  unlhin  a  minulv^H  iimv  put  them  inta  a  cofk' 
dilion  of  rweleiism's^  because  of  the  fragments  of  buniirir  cloth 
and  embers  with  which  they  would  be  imniediiitely  covere<j  under 
the  strong  upchaft,  all  of  course  with  approval  of  archite(?t  and 
building  inspectorf* 

Slandard  Hequircments  for  Stage  Venis,  He.  —  There  shall  be 
one  or  more  ventilators,  constructed  of  metal  or  other  incom- 
bustible materiah  near  the  center  and  alxsvo  the  highest  part  of 
the  stage  «>f  every  theatre,  opera  house  or  motion  picture  show, 
raised  above  the  stage  roof,  and  of  a  combined  liorizontal  sce- 
tional  area  equfd  to  at  least  Itl  per  cent,  of  flie  superficial  floor 
area  within  the  stage  walls.  The  openings  in  such  ventilatora 
shall  ha\'e  an  aggregate  sectional  area  at  leiist  (>qurd  to  that  re- 
quired for  the  ventilal/ors*  Detaileri  plans  for  the  construction 
and  o|>eration  of  the  covers  for  the  vent  openings  must  be  ap- 
proved by  the  Su|>«Tintendent  of  Buildings  before  construefion 
is  begun,  and  the  entire  equipment  miistf  conform  to  the  follow- 
ing requirements  or  their  equivalent:  — 

The  construction  of  the  cover  and  its  operative  mechanism 
must  be  massive  and  must  open  by  foree  of  gravity  sufficient  lo 
effectively  ovt^rcoine  the  etTecis  of  neglect,  rust,  dirt,  frost,  snow 
or  expansion  by  heat,  twisting  or  w:irf)ing  of  the  framework. 

Glass  if  used  in  ventilators  must  be  protected  against  fall- 
ing on  the  stage.  A  wire  Rcrwn  if  used  under  the  glnxs  must  be 
8o  placed  tliat  if  clogged  it  eaimot  rethiee  the  reciuired  vent  area 
or  interfere  with  the  operative  mr^ehanism,  or  obstruct  the  di»» 
tribution  of  water  from  the  automatic'  sprinklers. 

Cover  must  be  aiTanged  to  open  instantly  after  the  out- 
break of  fire  by  tljo  ust^  of  apfvroved  automatic  fusible  links  of 
tfie  thinnest  metal  practicable;  manual  control  must  also 
iirnviHled  by  a  ttovd  rim  down  to  the  stage  at  a  point  designate 
by  the  Superintendent  of  Buildings, 
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Thi?  link  an<l  cord  nmst  hoM  the  eover  clospfl  aKainBt  a 
force  of  at  ienjst  3U  potinilr?  t^xcc^Ks  iajunN^rwoiK;ht.  tending  to  forte 
the  eo^'er  0}>cn,  The  fusible  linka  must  be  placed  in  the  ventilator 
above  the  roof  line  and  at  least  in  two  either  points  in  each  con- 
trolling cord.  No  automatic  Bprinkler  hoads  shall  be  plactMl  in 
the  said  ventilator  space  above  the  roof  line.  Each  vent  cover 
shiill  be  operutcd  at  luatst  daily  by  one  of  tlie  cords.  § 

Safety  of  Stage  Personnel.  —  Preceding  paragraphs  have 
plainly  indicated  the  dangei"s  to  which  performers  and  stage 
hands  are  subjected  behind  the  i^urtain  and  proseonjimi  wall. 
The  utniosfc  for(!thoup;hts  are,  tht^rf  fore,  nece.ssary  to  jirovide  for 
their  safety.  This  will  involve  the  careful  planning  of  all  ilress- 
ing  rooms,  fire-resisting  construction,  afletjuaLe  exitSf  and  pre- 
ventive means  ami  equipment. 

Dressing  rooms  should  be  istilitiHl  from  (lie  Ktage  in  a  separate 
section  provided  for  th:Ll  purpose.  An  excellent  arrangement  i.s 
shown  in  Fig.  2SS,  illustrating  the  plan  of  the  Boston  Opera 
House,  The  walls  separating  the  dres^^ing  room  section  from 
stage  should  be  of  brick  or  concrc  te,  not  la^  than  8  ini?.  tliick,  and' 
all  openings  in  same  should  be  provided  with  self-closing  fire 
doors.  Partitions  dividing  dressing  rooms,  etc.,  should  be  fire- 
re^sisting,  not  le.ss  than  4  ins,  thickj  witli  self-elosing  fire  doors. 
All  trim  Buch  as  cupboards,  shelvingj  etc.^  in  dressing  rooms, 
property-  or  storage-rooms  should  be  of  incombustible  materiaL 

At  least  two  mdeiK;ndent  exterior  exits  shall  be  provided 
on  a  level  with  the  stage  for  the  service  of  the  stage  and  floora 
below  same.  These  exits  shall  be  at  opposite  sides  of  the  stage. 
Euch  tier  of  drcf^siiig  rooms  shall  have  an  itideiK'ntlent  exit  lead- 
ing directly  on  to  a  fire  escape  or  to  a  court  or  street.  No  ladder 
fire  escapes  shall  be  permittetl.  The  lly  galli^rics  sliall  be  pro- 
vided with  adequate  means  of  exit.  Ail  exits  and  fire  escapes 
from  the  stage  section  shall  be  independent  of  the  exits  for  the 
audience  above  tlie  court  or  street  grade.  Stairs,  if  any»  leading 
down  from  stage  level  shtdl  lie  enclosed  and  protected  by  iireproof 
doors.  § 

PreFentive  Measures  on  Stage  include  safeguards  as  to 
lighting,  etc.,  the  ao-f^allwl  fireproofing  of  scenery,  and  the  treat- 
ment of  te^ctileSj  such  as  costumes  and  properties,  to  render  them 
flame-proof. 

As  to  lighting,  the  modern  stage  requires  a  large  amount  of 
electric  current,  and  too  much  care  cannot  be  taken  with  its  use. 
The  supply  to  stage  lights  .should  be  entirely  independent  from 
the  rebt  of  the  house,  so  that,  in  ease  of  accident  on  ata^e,  ti^A 
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auditorium^   Inbbips,  stairs,  dr<^ssiiig  room-s,  etc.,   need   not  be 
afFecled.     Fut^oB  are  also  geiierally  tinrciiablc.     Autoiniitic 
cuit  breakers  on  oireu.it a  of  any  size  are  far  nwre  dependable. 

The  fireproofing  of  scenery  by  means  of  paints  or  soluti 
and  also  tlie  rendering  of  textiles  ** flame-proof  ''  are  discussed  in 
Ciiapter  XXXIl. 

Kqtiipnieiit.  —  It  has  previously  be^»u  pointed  out  tliat  ade- 
quate planning  mimt  include  sal isbi<*lory  lire-detecting  or  fire- 
extingtilsldn;;^  (H|uipmenl.  Thin  applies  particularly  to  the  stage 
portion.  The  ofeurrenee  of  fire  in  the  audibjruun  is  so  rare  tliat 
it  Is  generally  considered  best  to  omit  equipment  in  thai  portion 
of  the  building,  as  careU-^M8  or  excited  use  of  same  in  view  of  Ihe 
audience  might  well  be  productive  of  more  harm  than  good. 

EquipJiiorit  of   the  stage   i)ortion   should   include  sprinkle 
8tand]iipe.s  tmd  "'first  aid''  applianeea. 

(  Automatic  Sprinkli^rs  are  discussed  at  length  in  Cha] 
XXX.  As  particulai'ly  applied  to  theatres  their  ui^e  is  of  vit^ 
importance.  At  leiist  one  state  law,  ihut  of  Rliode  Island,  re- 
qiiires  their  use  in  every  place  of  public  amusement.  Every 
state  and  city  should  require  the  same.  Their  value  has  been 
amply  attested  in  actual  thoal nj  fires,  a^,  for  example,  in  the  fire 
in  the  Grand  Opera  Hoa^,  New  York,  November  29,  1905, 
wherein  a  stage  lire  was  so  effectually  controlled  as  to  keep  the 
loss  down  to  about  |500.*  The  oitly  argument  that  can  be 
advanced  against  the  use  of  sprinklers  in  theatras  is  the  one  sorae- 
tinif^  ust*d  by  managens  who  claim  that  the  accidental  discharge 
of  a  hcail  miglit  eau.^e  a  panic  in  the  audience.  But  slatiiilicst 
show  that  accidental  opening  is  so  remote  that,  it  may  well  be 
disregarded* 

The  IndaUatwn  sbouJd  comprise  a  wet-pi^ie  system  in  all 
portions  of  the  building,  except  in  the  au^litoriiim,  foyert?,  lobbies, 
over  dynamos  and  switchboard,  ant!  above  the  roof  line  in  stage 
vents.  Where  the  water  pressure  is  ample,  city  water  supply 
with  Siamese  connection  at  sidewalk  is  suifieient.  Where  the 
city  i>ressure  is  low,  a  gravity  or  pressure  tardv  is  necessary 
secondary  supply.     Central  station  supervision  is  desirable. 

Additional  Frotfdum  for  the  ProHceniiuH  Ojutdng  hsiS  also  been 
used  in  some  cases,  notably  in  Keith's  Theatre,  Boston,  where 

*  Sec  Efkffin^erino  Neun^  December  28,  I90"s. 

f  Mr.  Frcemftji  gives  a  proportion  of  une  Hprinkler  leak  in  oach  6U.0OT  hw 
per  i^AF, 
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.108. —  "Regan" 

Nozzle 


"Rogan*'  nozzles  are  installed, — one  at  cpnter  of  stage  just 

inside  the  curtain  linp,  coverM  by  a  loose  cast-iron  floor  plate 

whirh   would   be  raised   automaticidly  by 

the  water  pressure,  —  and  one  at  each  side 

of  the  pros(]eniuni  arch^  halfway  up.      The 

general  apjK'aranre  of  a  "Regan"  nozzle 

is  shown  in  Fig.  30H.      From  a  test  made 

at  the  Mason  St.  Engine  House  in  Boston, 

the   author  believes   that  nozzles   used   as 

above   deseribed  would   form    a   valuablt^ 

auxiliary  protection  lo  the  fire  curtain. 

Mr.  Sachs  mentions  tlie  use  in  certain 
London  theatres  or  music  halls  of  sprinkler 
attachment,  to  the  fare  ctuiain^  iso  arranged  I^io- 
that  the  operation  of  the  curtain  releases 
sprinkler  heads  placed  over  the  proscenium  areh.  A  similar 
sprinkler  water  curtain  is  installed  in  Keilivs  Tlieatre,  Boston, 
in  atldition  to  the  Regan  nozzles  and  regular  sprinkler  equipment 
over  stage.  The  water  curtain  is  controlled  by  a  wlieel  valve 
immediately  adjoining  the  curtain  pull  and  switch  boards 

Standpipes  are  more  fully  described  in  Chapter  XXXIV. 
For  theatre  application,  the  following  is  recommended: 

Standpipes  shall  be  provideil  not  lei^s  than  1  inches  in  diam- 
eter of  wrought-iron  or  galvanizetl-slCH!!  witii  tiose  conii(*c*tions, 
located  as  folio ws:  Que  on  each  side  of  the  stage  on  each  tier^ 
one  readily  accessible  from  f  he  property  room,  the  carpimter  shop, 
scenery  storage  rooms^  IoIjIjv  and  elsewhere  as  may  be  rec|uirerl 
by  the  Fire  DepartmenL  These  standpipes  Ingelher  with  fittings 
and  connections  shrill  be  of  such  strengtii  as  safely  to  withstantl 
at  least  300  pounds  water  pressure  to  the  square  incli  when  in- 
stalhd  and  rearly  for  service  without  leiikage  at  joints,  valves  or 
fittings,  and  shall  be  provided  with  liose  connections  fittetl  with 
approved  straight  composition  gate  valves  at  hose  outlets,§ 

"First  Alds'^  on  Staj^e.  —The  great  value  of  "first  aid'' 
fire  protection  appliances  and  the  details  of  their  use  are  discussed 
in  Chapter  XXXfF  For  particular  use  in  theatres,  the  following 
refjtjirements  sltoulil  be  followed: 

Tliere  shall  be  on  (iach  side  of  the  stage  two  axes,  one 
twenty-foot,  one  fifteen-foot  and  one  ten-foot  hook,  as  designated 
by  the  Fire  De|)artment..  On  each  side  of  \\n'  stage,  under  tlie 
fitage,  on  ear-h  ffy  gallery,  also  in  property  and  other  storerooms, 
and  in  ear-h  workshop  there  shtill  h(*  kejjt  in  reaiiiness  for  irnmf*- 
diate  use  one  approved  cai^bonic  acid  gas  two-and-one-tv<vlt  igA.VVi\x 
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hand  fire  oxtinguishi^r  and  one  forty-giillou  tiii.sk  tilled  with  water, 
and  six  firt?  pniLs;  said  casks  and  biu'kot.s  shall  he  painted  reii 
and  letlcTcd  *For  Firo  PurfKi.ses  Only/  There  shall  also  tje  pn> 
vidwl  at  least  tlii'ee  approved  carbonic  uci<J  gas  two-aiid-one-liAlf 
gallon  liiind  i^rv  extinguishers  for  each  tier  of  the  audit oriuni.§ 


Ro«f  Protection  for  thiMitrcs,  its  for  all  otln  r  important  build- 
ings, irt  distinctly  advisable,  in  case  of  conflagration  or  fire  in 
adjoining  property.  Tite  aland j>ipes  should  preferably  be  con- 
tinued to  the  roof  as  explained  in  Chapter  XXX IV,  and  ha^^?, 
nozzlet?,  couplings,  lanterns  and  ropes  are  valuable  accessories 
in  a  roof  house  or  weathc>r-proof  locker. 

Inspection  and  Maintenance.  —  In  addition  1x>  any  regular 
inspections  which  may  be  made  by  the  building-  or  firoHdepart- 
ment  or  by  uurlerwriters^  a  sycsfematic  inspection,  preferably 
weekly,  should  be  made  by  the  management,  Such  inspectioiis 
should  be  reported  on  es]Kf:ially  [jrepared  blanks,*  and  should 
cover,  in  full  detad,  all  parts  of  the  sprinkler  system,  especially 
val\'es  (unless  fitted  with  central  station  supervision), — ull 
appliances,  such  an  pails,  exlinguishers,  stand  pi  jies  and  hose, - 
and  all  constructive  features  such  a^  lire  doors,  exit  locks 
hardwarf ,  egress  passages,  fire  eurtaiii  operation,  stage  vents, 
and  orderly  premises.  For  further  information  concerning 
inspection  and  maintenance  of  fire  protection  deduces, 
Chapter  XXXV 1. 

Fire  Duties  and  Fire  Drills  ure  both  especially  important  in 
theatres.  AE  emfjloyees,  pajtienlfirly  stage  hands,  shotjld  be 
well  drilled  as  to  stations  ami  duties  in  case  of  fire.  Further 
information  concerning  private  fire  depart n^etits  is  given  in 
Chapter  XXXV. 

P^ire  drills,  with  especial  reference  to  the  handling  of  an  aud 
enc«  in  time  of  emergency,  are  considered  in  detail  in  Chapti( 
XXXVII. 

Construction.  —  All  theatres  and  similar  buildings  shoulcj 
of  course,  be  of  (horotighly  fire-resisting  <'oastructioiv.     In  add 
tion   to  parts  of  building  previously   mentioned,   the   followin 
should  inviu-iably  be  made  fire-resisting,  ~  tdl   that  portion 
stage  which  is  not  tuovable,  or  all  except  I  he  i)art  embrac 
between  proscenium  jambs  arnl  from  proscenium  to  rear  wall,  ■ 

*  For  HUicKerited  fornw*  sH^e  "t>n  the  tSaffjgiiardinic  af  Life  la  Ttieatroa,"  I 
JoLn  11.  FreQmau,  vAao  tleporL  No.  XIV  of  tbo  Insurance  Engineedag  Eixp«»i>' 
ment  Station. 
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roof,  —  and  fly-galleries.  The  grid  should  be  made  of  iron, 
slatted,  or  in  form  of  gratings.  Floors  should  be  of  cement  or 
other  incombustible  material. 

Costs.  —  Fire-resisting  theatres  cost  from  eighteen  to  fifty 
cents  per  cubic  foot.  An  average  for  first-class  construction 
under  the  Boston  law  is  about  thirty  cents  per  cubic  foot. 


CHAPTER  XXIir. 
SCHOOLS. 

The  Fire  Hazard  in  Schools  concerns 

1.  Danger  to  life,  2.  Danger  to  the  building,  and  3.  Dang^ 
to  surrounding  property. 

Danger  to  Ldfe.  —  In  schools,  exactly  the  same  as  in  theatres, 
the  life-safety  of  the  occupants  is  the  first  essential.  In  other 
words,  every  consideration  of  design  or  construction  must  be 
subordinated  to  secure,  above  all  else,  the  quick  emptying  of 
the  building. 

As  a  result  of  the  Iroquois  Theatre  fire,  great  improvements 
have  been  made  during  recent  years  in  theatre  design  and  con- 
struction; but,  notwithstanding  such  terrible  examples  as  the 
CoUinwood  school  disaster,  —  wherein  173  children  lost  their 
lives  and  a  $60,000  building  was  destroyed  simply  because  the 
boiler  room  was  not  cut  off  from  the  rest  of  the  structure  in  a 
thoroughly  fire-resisting  manner,  —  almost  criminal  laxness  still 
prevails  in  the  design  and  construction  of  very  many  buildings 
devoted  to  educational  purposes,  such  as  schools,  colleges  and 
asylums.  The  same  is  largely  true  of  much  hospital  and  hotel 
construction  —  particularly  summer  or  resort  hotels. 

Danger  to  the  Building.  —  There  is  a  distinct  fire  danger  in 
school  buildings,  owing  to  the  fact  that  such  structures  are  vacant 
so  much  of  the  time.  An  analysis  of  the  fire  record  of  school 
and  college  buildings,  -etc.,  shows  that  a  far  greater  number  of 
fires  occur  annually  in  this  class  of  buildings  than  is  jxjpularly 
supposed.  Thus,  from  compilations  made  by  The  Insurance 
Press,  it  appears  that  no  less  than  58  fires  occurred  in  buildings 
devoted  to  educational  purposes  in  the  United  States  and  Canada 
for  the  first  three  months  of  the  year  1908.*  These  included 
fires  in  public  school  buildings  scattered  throughout  eighteen 
states,  and  in  dormitories,  etc.,  in  twenty  states. 

The  Danger  to  Svrrounding  Property  induced  by  an  inflammable 
schoolhouse,  or,  indeed,  by  any  other  building  of  such  public 

*  See  The  Insurance  Press,  April  22,  1908. 
740 
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ownership,  is  in  distinct  roiitravrntinn  to  that  rivic  responsi- 
bilily  which  applies  with  even  greater  Uira-  to  tiie  curninunity 
than  to  imlividiials. 

Types  ftf  HtiioiU  Buildings  comprise:    , 

L   Wooileii  hulldirjp:i^j 

2.   Those  with  masonry  walls  and  wooh:!  joist  construction,  anrl 

3*    Fire-resisting  buildings., 

Wooden  Sehool  iluildinf^s  should  be  strietly  eonfineil  to 
country  ilistnetH,  ami  .should  never  excetnl  one  Htory  in  height. 
In  localities  where  such  construction  would  be  used,  land  values 
will  never  be  hi|j;h  enough  to  warrant  assuming  the  dangers  of 
building  to  a  height  of  more  than  one  story. 

If  the  building  is  heitti^l  by  stoves,  they  should  be  fjlaced 
in  plain  sigh(,  —  a.s  is  done  in  a  portable  sehtxil,  —  while  a  heater 
or  boiler  sliouUl  invariably  be  placed  in  a  bai^enient  or  otlnr 
sef>arate  compartment  having  lirt^resii^ling  walls  and  ceiling,  and 
all  openings  properly  protecrted,  ii.s  described  under  the  following 
type  of  building. 

Schools  with  Mmsoiiry  WalLs  and  Wmtd  Joist  Construc- 
tion should  be  confined  to  small  towns  or  sparst^ly  settled  Kub- 
urbs,  and  should  be  linul<"il  to  two  storie.M  in  height. 

Planning  should  especially  consiflcr  stairs,  fire  escapes,  exits, 
etc.,  as  described  later  for  fire-resisting  buildings.  Even  when 
the  building  is  but  two  stories  in  height,  as  here  recommended, 
thcKc  features  of  planning  becona'  of  the  first  importance. 

Construction.  —  All  stairways  and  corriilors  should  be  built  of 
fire-resisting  materials,  and  the  boiler  room,  if  not  the  wdiole 
basement,  shouhl  be  absolutely  cut  off  from  the  balance  of  build- 
ing, as  describwl  in  the  following  |)aragraph.  In  addition  to 
these  requirements,  however,  the  fire-safety  of  the  building  may 
be  materially  improved,  at  little  expenw^,  if  the  construction 
incor|)t)ra(es  the  safeguards  enuiut^ratetl  in  Chapter  XXIV*  as 
particularly  applieable  to  residences.  iSee,  especially,  [yarn- 
graphs  "  Fire  Safeguard b  applicable  to  Ordinary  Construction  " 
and  "  Chimneys  and  Flues/'  page  759,  —  "  Fire  Slops,"  p.  763, 
— ^and  '*  Basement  Ceilings,'-  page  765. 

Boiler  Rooms^  etc.  —  The  principal  fire  dangers  in  school  build- 
ings exist  in  heating  apparatus,  storage  rooms,  or  clonets  not  often 
used.  These  features  of  design  are  ahnost  invariably  relegatenJ 
to  the  basement;  hence  th<*  atlequate  cutting  off  or  isolation  of 
mich  featuics  becomes  of  gieat  importance. 
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If  absolute  firt-  pruliTtion  is  tlesirctl,  or  if  boilt^rs  under  pressure 
are  iLsed  for  po wei',  theory  would  require  locating  the  beating 
or  f>iHver  j plant  outside  the  building;  but  sucli  practice  would 
entail  axlditional  expense  which,  except  for  the  danger  of  possible 
boiler  explosioti^,  would  not  usually  lie  justified  from  a  practical 
Btandpoint. 

Boiler-  and  storage-room^,  etc,  should,  however,  invariul 
be  cut  off  from  the  balance  of  the  building  by  thoroughly 
resix^ting  walls,  preferably  of  brick  or  concrete;  and  such  roo; 
phould  have  the  fewest  possible  openings  into  the  resrt  of  the 
building,  and  these  oi>enings  shouM  Ijc  provided  with  automat- 
ically closing  fire-resisting  doors. 

The  floors  over  boiler-  and  storage-rooms,  etc.j  should  pref- 
erably be  of  thoroughly  fire-resisting  construction,  but,  if  ordi- 
nary wood  joist  construction  is  used,  for  economy,  the  srpaccs 
between  the  joists  should  at  lca>it  he  filkd  in  iiolid  with  hoDow 
tile,  concrete,  mortar  or  mineral  wool.  The  coasiderable  rt^stst- 
an(*e  to  fire  offered  by  wood  studs  (or  joists)  fillctl  in  between 
with  hollow  tile  blocks,  k  referred  to  in  Chapter  XXI V,  pa^e  767. 

Stam[HKl  nietai  or  corrugated-iron  ceihngs,  or  e\  en  metal  lath 
and  plaster  ceilings  below  wood  joists  —  are  not  adequate  protet?- 
tionsi.  Such  makeshifts  not  only  leave  open  spaces  in  the  thick- 
ness of  the  fitjor,  but  are  also  hable  to  he  rendered  ineffectuul 
through  the  presence  of  holes. , 

Caoting  and  Afaniml  Training  Rooms  also  possess  distinct  fire 
baiiards  which  should  be  given  due  consideration  in  determining 
the  surrounding  construction. 

Fire  Alarm  Signids^  Fire  Drills ,  and  ''First  Aid^^  Appliai 
are  described  later.  These  features  are  especially  essential 
schools  other  than  thoroughly  fire-resisting, 

Fire-re^iHtins  Srhmils.  —  Schcnds  in  cities,  or  in  any  cli 
settled  district,  should  be  of  flrcMcsisting  construction  througl 

Location.  —  t^chool  buildings,  especially  in  cities,  should  hp. 
located  so  sis  to  set  ure  the  least  possible  exposure  hazard,  not  only 
on  account  of  avoirhng  fire  (himagc  through  the  burning  of  mlja- 
cent  buildings,  but  iilso  on  account  of  possible  panic  through 
or  explosion  in  such  buildin(i;s.  This  would  suggest  the  inadvu 
Vjihty  of  locating  schotils  adjacent  to  or  even  very  near  mantifi 
turing,  frame  or  other  buildings  constituting  a  serious  menace* 

On  the  other  hand,  too  great  reliant^*  should  not  be  yilaci 
upon  suitable  or  isulatud  location.     In  the  case  of  country  or 
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iburban  spHooI  buildings  far  more  thoiiRht  has  j^fnerally  born 
vf^n  \o  lonition,  light,  fiir  and  recreation  space  than  to  con- 
ruction  with  rcfiTcnoe  to  internal  fire  hazard. 
Height.  —  Fire-resisting  tschoolK  8hoidd  jireferably  never  exceed 
iree  slaries  in  height.  Stluxvls  live  or  six  .storiej<  higli,  as  in  New 
ork  City  and  in  some  other  hn'^e  centtT.'^  of  popnlationj  are  the 
itcome  of  special  conditions,  and  should  not  serve  aa  precedents. 


I.  —  Ba,H<M)if'nt  Flan,  LyiiiJin  Dtalric!t  8ohcjol,  East,  Bofllon. 


Plaiinlii|;»*  —  It  has  previously  been  Btated  that  the  planmng 
BchonlhuuseRT  like  theatres,  should  primarily  consider  life 
,fety  —  i.e.,  the  quick  em[)tyiiig  of  the  structure.  To  this  end, 
le  planning  and  cons  I  ruction  of  corridors,  stairways,  fire  escapes 
m1  exits,  all  become  of  the  first  importance.  The  location  of 
m  general  as,^embly  hall,  if  used,  is  alao  vital. 

*  The  Boston  Board  of  Sclioolhou^o  Comnjijiaioiiers,  eeperially  ander  the 
lie  Kuidanpo  of  Mr,  R.  Clipston  Sturj^ia,  Architect,  and  formerly  CliairmaD  of 
e  Board,  iias  dotm  notable  work  in  fonuuhitiug  nnd  directing  Hchouthouse 
.sign  and  c^tmstnirtion.  Mnt'h  v:duabIo  gcjifcoral  inform  tit  ion  regfirdinit 
jtandjird  Hjequirenienta  for  Snhool  Buildingii  and  Yards,"  etc.,  may  be  found 

the  '*  Annual  Beportfl  of  the  Sohaolhoiise  Depart tnent."  The^e  may  be 
ttained  by  addreaaing  that  DeptLrtment  at  120  Boylstou  St.,  ByatovL»  ^ViaxM. 
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Btalrways.  —  In  addition  to  tho  data  previously  given  as  to 
the  doiiigii,  caparity  and  construction  of  stairs  and  fire  escapees 
in  Chapters  XV  and  XXII,  several  points  in  connection  with  the 
design  of  nuch  means  fif  eiaxess  in  schoolhouws  and  like  buildings 
are  worthy  of  further  conoid  fTuti  on - 

Capaa'hj.  —  Where  fire  drills  are  required  at  frequent  inter\'als, 
—  as  is  now  general  in  most  city  schools^  —  it  will  be  found  that 
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Firi.  310.  —  Firat  Flwr  Plan,  Lj-man  District  Sphool.  East  Bofttoa. 

the  data  recommended  for  use  in  determining  the  quick  emptying 
possibihtiea  of  stairway  capacity  may  safely  be  modified.  The 
occupantfl  of  general  mercantile  buildings,  hotels,  theatres,  etc, 
are  constantly  changing  day  by  day,  so  that  fire  drills  in  sucli 
buildings  are  of  principal  value  to  the  regular  employees,  — 
while  in  schools,  wheni  the  occupancy  is  fairly  constant  through- 
out the  year,  familiarity,  practice  and  discipline  may  accomplish 
remarkable  results  in  quick  emptying  testa  with  stair  capacities 
not  to  be  recommended  iu  other  types  of  buildinjBps.  A  maximum 
stair  capacity  under  drill  conditions  may  be  determined  by  the 
working  rule,  derived  from  experience,  that  not  more  than  120  per* 
eons  In  lines  two  abreast  can  well  pass  a  given  point  per  Eniautc 
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The  "Rules  for  Fire  Proteetion"  in  the  ptjblir  Bchook  of  the 
;!ity  of  New  York  require  as  follows: 

Each  building  shall  have  a  sufficient  number  of  fireproof 
tairway»  and  of  exits  to  permit  of  its  oceupants  vacating  same 
a  Dot  more  than  three  minutes  in  no n-fi reproof  and  not  t-o  exceed 
hree  and  one-half  mmutes  in  fireproof  structures. 

Location.  —  To   make   such    quick   emptying   tests   possible, 
lowever,  stairways  shoukl  be  located  with  this  distinct  object  in 
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FiO.  311. — Second  Floor  Plart,  Lyman  Difttritt  School,  East  Bostoa. 

\iew.  This  requires  that  what  might  be  termed  *' simple ^^  and 
**prog:re»8i%'e"  egress  must  be  studied,  as  contrasted  with  ''in- 
volved" and  "congested"  egress. 

'^Simple"  egress  requira's  ji^traight  corridors^  giving  a  clear 
View^  of  the  stairway  to  be  usc^^l,  so  that  no  excuse  may  exist  for 
;tbe  crowding  or  panic  which  may  easily  result  in  an  ** involved'^ 
[plan  wherein  classes  are  held,  awaiting  their  tum^  in  rooms  or 
[corridors  around  comers,  or  out  of  sight,  from  the  other  moving 
[classes.  "Progressive"  egress  requires  that  stairways  be  placed 
\M  the  ends  rather  than  at  the  centers  of  corridors^  so  that  classes 
Biay,  leave   their   rooms   in   a  progressive,    prearranged   order. 
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Where  jstairw!iy«  hyp  placet!  at  mierior  corncra  (as  lo  Fir.  312 
or  centrally  on  norridor?^,  congested  conditions  ar(!  liable  to  onnu 

An  example  of  simple  and  progressive  means  of  egress  is  shown 
in  Figs.  309,  310  and  311,  which  illustrate  the  basementj  first  ! 
second  floor  plans  reBi>ectivdy  of  the  elementary  gracJe  LyniJ 
District  School,   East   Boston,     A   lass  Huece.ssful   planning 
means  of  egress  is  shown  in  Fig.  312  which  illustrates  the  second 
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Fig.  312. —  Second  Floor  Plan,  Stuj-^eBant  Higli  Sebool,  N.  Y. 


floor  plan  of  the  Stuyvesant  High  School,  New  York  City* 

del  ailed  construction  of  the  stair  shown  in  this  plan  is  conBideretP 

in  a  following  paragraph. 

All  stairs  should  fliacharge  directly  to  outside  of  building,  and 
not  into  corridors,  passages,  etc. 

Construction.  —  Stairs  should  be  of  iron  or  eoncrete  constT 
tion.     If  of  the  former,  2-inch  North  River  stone  treads  all 
lumUn^a  ure  found  to  be  economical  as  to  wear  and  satisfiicl^i 


SCHOOLS 


ai  to  non-slipping  requirements.  If  of  concrete  construction, 
granolitljic  fiurfacc  trofwiK  and  pltitfi}riiis  kIiouM  be  iiseil. 

The  rise  of  stejM  should  be  lij  or  7  inr-hes^  to  JOl-iiich  treads. 

The  runs  should  not  be  over  .1  ffel  vviiK-,  to  aeL*«mmirMlat.e  two 
abreast,  as  any  width  over  this  will  serv^e  rather  to  invite  crowd- 
ing than  eo!itribut4?  to  ease  or  fomfort. 

Wtdl  Ijundruils  are  considered  esf^ential  by  gome  authorities, 
and  superfluous  by  others.  Ob^^ervaHun  showa  that  most  chil- 
dren^ even  the  littlest,  disregard  their  presence. 

Isolated  Stairs.  —  In  a  fuller  diaeuaaion  of  stairs  and  stair 
enclosures  in  C'hapter  XV,  the  general  advisability  of  providing 
isolated  slab-ways,  — tliat  is,  stairways  cut  off  from  corridors  by 
fire-resist  in  1^  partitions^  —  hjia  been  pointed  on  I.  This  principle 
has  been  carricnl  out  in  a  number  of  school  buildings,  but  not 
always  without  criticism. 

A  typical  stairway  which  has  been  largely  used  in  the  newer 
schools  of  greater  New  York,  and  which  has  bwn  developed  by 
Mr.  C.  B,  J.  8nyder,  ^\rchitect  to  *he  New  York  Board  of  Educa- 
tionj  is  shown  in  Fig.  313.  (The  relaUon  of  these  stairs  to  the 
rej^t  of  the  floor  plan  is  shown  in  Fig.  312.)  This  arrangement 
illustrates  two  aepiirate  features  of  design,  viz,,  isolation,  and  the 
"double'^  stairway.  Neither  feature  is  necessarilj'"  dependent 
on  the  other. 

The  isolation  of  the  stairs  is  cfFectetl  by  the  use  of  iron  and 
rough  wire  ii\sLSA  screens  or  enclosnri3S  which  ex'tend  from  floors 
to  ceilings  at  the  corridor  lines.  The  entrances  to  the  landings 
are  closed  with  fire  doors  which  are  proviiletl  with  automatic 
check  and  spring.  A  similar  metal  antl  glass  partition  separates 
the  double  system  of  runs. 

For  large  school  buildings  of  more  than  three  stories  in  height, 
this  isolation  of  stairw^ays  Is  both  practieid  antl  wise;  but  for 
fire-resisting  scIkxjIs  of  three  stories  or  less,  us,  for  examj>le, 
in  the  three  story  school  shown  in  plan  in  Fig.  311,  the  nec- 
essity or  even  the  advisabihty  of  isolation  is  vary  questionable. 
Data  given  in  a  later  paragraph  concerning  fire  thills  show  that 
schools  may  be  emptied  in  such  short  time  that  the  introduction 
of  separating  screens  or  partitions  at  stairways  may  well  be 
Bnperfluons,  or  even  objectionable,  in  that  they  may  cause  more 
obstrut^tion  or  »m ingestion  than  is  warrantiKl  by  the  advantages 
of  such  isolation.  This  line  of  rciisoning  is  only  v^alitl^  however^ 
when  fire  drills  are  regularly  practiced. 


Landings  are  provided  at  the  floor  levols,  and  platforms  midway 
between.  This  arrangt'mcjnl  is  mudo  possible  only  by  tlie  use 
of  a  15  ft.  6  in.  story  height  from  floor  to  floor,*  - —  in  order  to 
obtain  tlie  necessary  lioadroorn,  —  so  that  thf;  increased  cost  of 

♦  The  Mtatiiliird  i!tory  heiEki  for  Bodtoti  M.ehciols  i.i  13  ft.  6 
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all  walls  ami  pfirlilions  will  usually  mnrf^  than  ofTsF?t  the  saving 
effected  in  fiotir  aroti. 

Corridor »»,  Kxlts,  etc.  —  Sdwolrttorus  should  [preferably  have 
but  one  door  tipcn'm\*  into  tlie  comdor.  Experience  haa  shown 
thatj  where  t  wo  doors  exist  —  as  where  one  opens  from  chisa- 
room  and  a  second  from  the  adjoininK  wardrobe  —  teachers  often 
bave  great  difficuhy  in  exercising  that  complete  control  over  the 
cgrma  of  the  chilch'en  which  is  essential  to  prevent  panic  aiKl  to 
maintain  tlic  diHciplinc  of  the  fire  drill.     It  will  be  noted  in  Fig. 
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Fio.  3H.  —  Thrw  Hi.Ni-y  iSL-buoiljousc  wiUi  Isahitcd  iStidta. 

311  that  all  classroonm,  save  one,  have  but  one  door  connecting 
with  the  corridor. 

Corridors  should  be  not  less  than  8  feet  wide  for  four  school- 
rooms on  Jl  floor,  and  not  less  than  10  feet  wide  for  more  than 
four  rooms  per  floor.  Walls  should  be  of  fire-resisting  construc- 
tion, as  of  a  Ught  eoloretl  plazcfl  brickj  and  floors  should  be  of 
terrazo  or  similar  materiah 

Exll  Doors,  opening  directly  to  the  open  yard  or  street,  should 
be  provid^l  at  or  near  the  foot  of  fkll  stairways.  An  excellent 
arrangement  is  showTi  in  Fig.  IIIX),  wherein  the  exit  doors  — 
serving  for  entrance  also  —  are  placed  at  the  level  of  the  lowest 
intermediate  stair  landing.  Ex|jerience  has  shown  that,  par- 
ticularly for  cliildreu,  special  emergency  exit  doora  are  inadvis- 
able. 

All  exit  doorsj  whether  from  corridori*,  stairways^,  or  at  the 
foot  of  enclo??ed  exterior  tire  escapes,  should  invanably  suying 
oitlwardf  and  be  provided  with  either  spring  locks  wlu&bk.  liias^ 
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always  be  o[jened  from  the  Inmdc  without  the  use.  of  kpy,  or  with 
safety  dcKtr-jmsh  device,  as  described  for  theatre  doors  in  Qk 
previous  rhapter.  Hui'dware  to  hold  doors  open  in  case  of 
emeTgeney  should  nhu  be  pro\i<ied. 

Assembly  Halls  Mhoidd  be  plaeed  on  the  ground  floor.     The 
lexit  door  or  doors  t^hould  lead  ilireetly  to  the  outside,  — as  ; 
Fig.  310,  —  or  else  the  eorridars  connect ing  to  stairs  ehould  I 
ample,  short,  and  as  simfjle  and  direct  as  p{>asible. 
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Fm.  315,  —  First  Floor  Plan,  Mnenrt  SrhooU  Chicago. 


The  practice  of  plaring  asr^embly  halls  on  the  top  floors 

eehonl  buildings,  in  order  to  remove  them  from  the  more  ns 

lower  classrofjm  storieSj  is  generally  being  discontinued  in  ifc 

best  preaent-<lay  design  for  two  reasons,  —  first,  becauBC  of  tJl 

Jsfire  danger  to  audiences  congregated  on  ujiper  floors,  and  second 

' beeauLse  of  the  growing  use  of  assembl}^  halls  for  civic  gathering 

or  purpoec8  not  directly  eonnccteti  with  st'liool  functions. 

i}ie  newer  Chicago  schoolSj  the  assembly  hal!s  — often  usihI  ffl| 

gj^mnRsiam  purposes  al&o  ^  a-ic  lacia-ted  in  uae-story  wings  whid 
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Fin,  31(5,  —  St'cond  Floor  Plan,  Afoaart  Bphool,  Chicago, 


Fire  Escapei!f.  —  It  has  been  shown  in  Chapter  XV  that,  aa 
a  means  of  rapid  egreias  for  any  considerable  number  of  people^ 
outside  fire  escapes?  are  not  comparable  to  inside  stairways*  If, 
however,  they  are  required  as  an  auxiliary  means  of  exit  on  either 
old  or  new  school  buildings,  a  type  may  be  selected  from  those 
previously  describrKb  If  the  balcony  and  stair  plan  is  usetl,  the 
design  should  preffrably  call  for  short,  easy  runs,  not  steej^r 
than  45  degn^ca,  wilh  frequent  landiugfi.  The  spaceB  from 
handrails  down  to  atrings  are  best  filled  in  with  stout  wire-mesK 
panels. 


As  a  means  of  ready  access  for  firemen ,  so  that  they  may 
qiii€kly  rearh  upper  floors  to  aid  straggling  or  panic  stricken 
cbililren  without  interfering  with  the  egreiss  in  progress  by  the 
stairs^  exterior  fire  escapes  nmy  easily  prove,  of  great  value. 
Where  interior  sLiirwnys  arc  fairly  amplt",  antl  where  the  fire  drilJ 
is  practised,  avcessj  in  the  opinion  of  most  city  firemen,  forms  tbe 
jirincipal  argimient  in  favor  of  fire  escapes.  In  second  class  con- 
struction the  function  of  tire  estiape^  as  dependable  means  of 
egress  assumet^  far  more  imixirtance. 

Construetion.  —  The  details  of  walls,  floors,  partitions^  col- 
umn j>rott'etions,  etc,  require  no  special  methods  of  treatment  not 
covercil  by  previous  chapters,  except^  posfcjiblyj  in  the  case  of  aO- 
concrete  riehwil  buildings  of  which  an  increasing  number  are  being 
built  with  ajiparent  success.  For  a  description  of  concriHe  schoola 
built  in  several  cities  and  towns  in  New  Jersey,  see  "Reinforcfd 
Concrete  Schools''  by  Mr.  John  M\  Himpson,  '*  11)11  Proceedings 
of  the  National  Association  of  Cemt^nt  Users," 

Fire  Alarm  System.  —  A  most  important  requirement  in 
every  school  building  is  some  ajiproved  form  of  fire  alarm  system. 
This  should  be  so  arranged  a-s  to  fulfil,  with 
the  utmost  reliabihty  and  simplicity,  two 
separate  functions,  viz.^  the  drill  alarm,  and 
the  auxiliary  alarm  in  ea-se  of  fire^  to  fire  de- 
part incut  hcailquarters.  The  system  shouM 
be  (*apable  of  giving  the  driU  alarm  sepa- 
rately,  but  the  auxiliarj^  alarm  must  bi^  ar- 
rangeil  inviiriably  to  include  the  gong  alarn 
also. 

The  (ire  altu-m  system  which  is  now  usefl  i 
Boston  schools,  and  which  has  been  brought 
to  a  high  point  of  perfection  by  Air.  BenjJk 
nun  11  Hatch,  Elwtrical  Engineer  of 
Boston  Schoolhouse  Department,  may 
briefly  described  as  follows: 

The  signal  stations,  illustrated  in  Fig.  31^ 
are  generally  placed  one  on  each  floor  i 
one  at  the  outer  vestibule  or  at  main  en- 
trance door. 
To  use  the  station  for  fire  drill,  the  door  is  opt^ne^l  by  tumifl 
the  T-handle,  and  the  inside  lever  is  ]>ulled  down  once  and  J( 
go.     Tiiis  aounds  the  regulaUou  fitv;  dvlLl  alarm  on  the  gon^,  vu 


Fio.  317. —  Fin?  Alami 
Signal  StatJoti  as  uBed 
in  Boston  Sehoob. 


4-1,  wilhnul.  ciiUinj?  the  fim  deportment.  If  the  <loor  \s  not 
rlosotl  imiJieiLiiiktoly,  tho  "*liKiirrangernent"  hell  in  the  jiini tor's 
room  ringy  (■oiilinuously  until  the  door  is  closed. 

In  ca.so  of  hre,  the  small  hanm[ier  hanging  to  the  box  is  used  to 
break  the  ghiji^s  in  the  door.  The  lever  withm  1  he  opening  (whirh  is 
<iifTerent  from  the  drill  alarm  lever)  in  then  pulled  tjown  on«e,  and 
Ivi  go.  Thiy  transmits  the  signal  to  the  lire  department,  and  aLso^ 
through  a  eonneetion  betwi^^n  the  outer  and  inner  levers,  causes 
the  gongs  in  the  buildmg  to  sound  the  regular  drill  signal,  4-4* 

The  gongs  —  platted  one  or  two  on  each  floor,  according  to 
tiize  of  building  and  arrangement  of  corridors  —  are  electro- 
mechanical, ix.y  the  striking  meehanism  is  ilriven  by  a  powerful 
spring  which  \s  controlled  by  an  electro- magnet  connected  to 
the  box  circuit*  The  goTigs  will  strike  about  TifJO  blows  with  one 
winding,  but  a  circuit  breaker  attachment  on  the  gongs  will  cause 
the  "disarrangement''  bell  in  the  janitor's  room  to  ring  after  the 
gong  has  struck  420  blowt^.  Thi.s  bell  will  continue  ringing  until 
the  gong  i.*^  wound. 

Fire  Drills."^  —  In  Boatoii  schools,  fire  drills  are  required  at 
least  once  a  month,  in  addition  to  which,  at  the  option  of  the 
master,  a  second  is  usually  given.  These  are  in%'ariably  without 
notification  to  either  schohirs  or  teachers.  Xo  drill  master  is 
employed,  but  (he  procwlure  of  the  tl rills  in  left  to  tlie  judgment 
and  experience  of  the  master  and  teachers.  Wrajis  are  dis- 
regarded in  mild,  fair  weather,  but  are  put;  on  in  severe  weather. 
The  following  data  from  records  of  the  School  ho  use  Department 
show  some  of  tht^  remarkable  results  which  are  obtaintni. 


I 


Typo  of  school. 


Boys 

Mixed ..,,-...,_. 

Primary 

School  for  deaf  children, 


Number  of  pupils. 


725-7S0 

400j  in  columns  of  4 

225 


KUpsed  time. 


1  min.  50  sec. 
1  min,  10  sec. 
1  min.  25  sec, 
1  min,    2  sec* 


In  one  instance  where  a  fire  occurred  during  school  hours,  7tX> 
pupils  were  dismissed  in  perfect  order  ansi  were  all  outside  the 
building  when  (he  fire  apparatus  arrived. 

"  First  Aid  "  Appliances  should  include  a  reastmablc  supply 
of  three-gallon  chemical  extinguishers,  as  such  means  are  often 
sufficient   to  handle  incipient  fires.     Both  teachers  and  pupils, 

*  For  isugtEeRtiona  eoveriiiE  organisation,  etc.,  of  fire  drills  in  ichootir,  aeo 
pane  1006. 
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however,  should  iiiKistontly  be  instructed  to  ring  in  the  firo  alarm 
firslt  and  then  to  combat  the  fire  if  sucli  cour^se  Betims  advisable. 

Cost  of  SehcMil  Buildings. — The  following  table  gives  the 
co«ta  of  certain  Boston  schools  which  have  been  built  of  second- 
class  cornet  ruction,  —  t.e,,  with  brick  exterior  walls  find  wooden 
floors,  roofs,  partitions,  etc,  —  and  of  ccrtjiin  Boston,  Cliicago 
and  8t.  T^niis  ^ehoolH  which  have  been  bnilt  of  firsi-chiss  or 
firorosisting  cnn.strnction.  In  comparing  the  costs  per  cubic 
foot  or  per  pupil  for  the  firc-re^isting  schools,  (he  following  in- 
formation is  pertinent. 

BoHion.  —  Buildings  are  of  fire-resisl i]\g  t^onstruetion  ilirough- 
out,  except  thoBe  schools  dci^ignat  i}<i  jlh  having  wooden  roofa, 
AD  of  these  schools  except  the  Nathan  Hale  and  the  Peter  Faneuil 
contain  cooking  and  manual  training  rooms  (included  in  the 
ntiniber  of  citissrooins  given),  and  assembly  halls.  The  costs  of 
the  buildings  include  heating  and  ventilating,  h'gliting,  telephones, 
electric  clocks,  fire  alarm  system  and  all  necessary  fixed  equip- 
ment except  shades.  Classrooms  are  finished  complete  except 
desks  and  teacher's  chair.  Wardrobes  include  hat-,  coat^  and 
umbrella-racks.  Manual  training  rooms  are  complet^e  except 
benclu^  and  teacher's  desk.  Cooking  rtiom^s  are  completely 
equipped  with  ieacht^ni^  coal-  and  ga.s-ranges,  individual  gasi  i 
ranges  for  pupils,  dressers,  sinks,  etc.  Assembly  !iall  seats  are 
not  included.  "One  must  bear  in  mind  that  feNV  cities  build  and 
equip  as  thoroughly  as  Boston,  and  that  nearly  all  school  build- 
ings have  grounds  about  thera  which  arc  finished  for  use  by  the 
pupils,  the  cost  of  wlucli  is  included,*^  * 

Chicago.  —  All  of  the  Chicago  schools  listed  have  been  de- 
signed  and   superintended   by   Mr.    A.   F,    Hussander,    Acting 
Architect  to  the  Board  of  Education.     The  buildings  are  uni- 
formly of  firc-rcE^ist  ing  corLstruction,  with  masonry  walls  faced 
with  pressed  brick  and  cut-stone  trimmings,  —  hollow  tile  floor 
arches  and  partitions,  —  hre-reaisting  attics  and  roofs,  —  asphalt  | 
floors  in  corridors  and  toilct^s,  —  clear  nmple  floors  in  clasgrooms, 
—  oak  finish,  —  and  iron  stairs  wit h  ju^phalt  treads.     The  cost  j 
includes   heating  and   ventilating,    [dumbing,   electric   liglitmg»  j 
heat  regidation,  sharles,  blackboards,  bookcases,  teacliera'  ward- J 
robes,  and  office  and  library  cases. 

Desks,  tables,  scats  and  chairs  are  purchased  separately  ifti 
wholesale  quantities  by  the  Board  of  Education,  and  are  placed  [ 

*  "1910  Annwd  Report  oi  the  Boftlon  Boax^  ol  ^diov^ltiQuac  Commiseioiiezv.^ 
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BB  required.  The  equipment  of  a  twenty-four  room  elementary 
Bchool  biulding,  including  desks^  chairpi,  assenably  hall  scatJ, 
gynmasiiim  apparatus,  hou.sfil)i>ld  arts  tables,  manual  training 
beBches,  etc.,  will  approximate  from  $4000  to  $5000  in  cost. 

All  of  these  schools  here  listed  are  tliree  stories  high  withoui 
basements,  and  all  contain  assembly  halLs,  gymnasiums^  nianui 
training  and  houi^ehold  arts  rooms,  in  addition  to  the  class  rooil 
listed.     The  Waters  &?ehooI  hiui  concrete  pile  kmndationg. 
others  have  spread  footings  about  6  feet  below  grade. 

iS^  Louis.  —  lYesent  practice  in  St,  Louis  schools  calls  for  High 
Schools  to  be  three  .nt cries  and  full  basement  in  height,  all  otJ 
schools  to  be  two  or  three  stories  above  basement.     The  constn 
tJon  is  fire-resisting  throughout,  including  brit^k  walls,  reinforo 
concrete    floors,  and    hollow-tile    partitions.       The    Humboldt 
School  includes  an  audit/orium.     The  costs  given  include  heatt^ 
and  ventilating^  plumbing  and  electric  work,  painting  and  deo 
rating  and  ail  outside  grading  and  improvements.     Blackboard 
desks,  shop  and  laboratfiry  equipment  and  portable  fumitu 
are  not  included. 

Conclusion js*  —  Municipal  responsibility  in  the  matt/cr 
&choolhoase  design  and  construction  camiot  be  evaded  on  iJie 
plea  of  economy.  Numerous  fires  in  school  buildings  hsM 
demonstrated  both  the  danger  to  hfe  and  the  sbort-sight 
economy  of  combustible  construction,  while  present  differenQj 
in  cost  between  this  \y\n^  and  rightly  designed  fire-resisting  < 
efcruction  are  so  small  —  if,  indeed,  they  need  exist  at  all  —  that 
no  adequate  argument  can  be  advanced  to  justify  anything  bu^ 
uniform  first-class  construction.  Safety  of  Hfe  and  property,  l€| 
depreciation,  and  hvst,  but  not  least,  the  moral  responsibility  ( 
a  municipality  to  enforce  right  methods  in  the  matter  of  building 
construction,  all  justify  a  reasonable  margin  of  added  expense  in 
securing  the  best  construction  possible.  But,  as  before  stated,^ 
it  is  questionable  whether  lirt?-resisting  coustTucLion  need  ontij 
any  material  increase  in  cost  under  present  conditions.  Thu 
in  response  to  short-sighted  clamors  for  economic  the  Bost^ 
Board  of  Schoolhouse  Commissioners  has  beeu  endeavoring  I 
lower  the  cost  of  schoolhouse^  by  changing  from  first-  to  secon 
class  couBtruction,  but  the  author  is  atlvised  that  the  incrca 
cost  of  lumber,  other  trade  conditions,  and  possibly  less  elficiei 
planning  and  design,  have  all  operated  to  show  an  almost  neg 
gible  saving  over  previous  ItiOTou^hly  fire-resisting  buildinp. 


CHAPTER  XXIV. 


EESEDENCES. 


firc!^  HazariL  — 

A  person  fears  fire  in  his  home  more  than  he  does  in  hia 
ofllce  for  two  reasons:  First,  b^rn^ause  all  he  holds  mast  prec^ious 
is  in  [us  home.  A  fire  means  danger  to  his  family  and  homeless- 
ness  ujitii  a  new  place  can  be  found.  Sei^ond,  his  responsibiUty 
for  the  safety  of  his  home  is  undivided.  He  alone  is  responsible 
for  the  preservation  of  his  htime.  He  cannot  feel  that  someone 
else  should  take  care  of  these  things.  The  home  is  the  unit  of 
social  life;  its  destruction  htis  a  more  far-reaching  infiuecce  than 
the  mere  loss  of  furniture,  etc.  A  man  really  owes  it  to  80cietv% 
as  well  as  to  his  family,  to  see  that  no  precautions  are  omitted  in 
the  protection  of  iiia  home  against  fir©.* 

Holocausts  such  as  an  Iroquois  Theatre,  a  Collin  wood  School, 
or  a  Triangle  shirt-waist  factory  shock  the  world  by  their  fearful 
toll  of  human  lives^  but  were  the  true  record  known  of  atl  lives 
lost  by  fire  year  after  year,  it  is  probable  that  residence  fires  would 
contribute  the  greatest  percentage  of  fatahties.  Nur  would  this 
be  in  remote  or  suburban  homes  alone,  wliere,  either  from  inac- 
cessible location  or  from  inadequate  fire  department,  quick  or 
efficient  means  of  protection  are  Jacking.  The  fire  record  of 
every  large  city  will  show  that  many  livea  are  lost  in  dwelling 
houses,  and  sometimes  even  very  near  fire  department  houses  of 
thf^  highest  efficiency.  Witness  the  fire  in  the  Andrews  residence, 
in  New  York  City,  April  7,  1899,  w^herein  tw^elve  lives  were  lost 
although  the  house,  at  Fifth  Avenue  and  67th  St.,  was  on  the 
eame  cross  street  as  Fire  Department  Headquarters. 

The  principal  reasons  for  the  great  annual  loss  of  life  and 
property  in  residences  are  twofold : 

First,  carelessness,  in  regard  to  ordinary  causes  of  fires.  In 
Chapter  11^  in  a  discussion  of  the  usual  causes  of  fires,  it  was 
pointed  out  that  a  large  proportion  of  fires  may  be  classed  as 
**easdy  preventable/'  and  in  no  class  of  buildings  is  this  more 
true  than  in  residences. 

*  From  pampltlet entitled  "The  Prevention  of  Fire/'  lasued  by  the  Hocheater 
Chamber  of  Comineniie. 
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Second,  carelessness  exhibited  in  ordinary  construction.  TIm 
manner  in  which  the  usual  residence  contributes,  throu^  poor' 
construction,  to  severe  fire  damage,  if  not  complete  loss,  is  thui 
described  by  Mr.  Francis  C.  Moore: 

Under  present  methods  a  frame  dwelling,  or,  for  that  mat- 
ter, a  brick  dwelling  of  ordinary  construction,  once  on  fire,  i 
seldom  saved.  With  defective  floors,  hollow  partitions,  opei 
sturcases,  and  hollow  spaces  in  side-waUs  from  cellar  to  rpoi, 
i^ording  drafts  and  flues  for  carrying  flames,  modem  dweUing' 
houses  are  actually  constructed  on  the  principle  of  hings  for 
breathing  flfune.  Even  if  the  outer  walls  are  of  brick  or  atOM 
they  do  not  retard  combustion,  since  the  conditions  for  it  an 
simply  those  of  an  ordinary  stove,  whose  contents  are  not  man 
judiciously  arranged  to  insure  rapid  combustion  than  are  such 
interiors.  It  rarely  happens  that  a  fire  starting  at  night  in  tliB 
cellar  or  in  the  lower  story  of  a  dwelling  is  extinguished  short  of 
loss  of  life  and  property.  This  ought  not  to  be  the  case,  as  it  is 
due  to  criminal  indifference  to  precautions  which  are  oompan- 
tively  inexpensive  and  which  ought  naturally  to  occur  to  any 
intemgent  mind.* 

It  will,  therefore,  be  profitable,  before  considering  fire-resistiog 
residences,  to  investigate  the  common  causes  of  fires  in  combufl- 
tible  dwellings,  and  to  consider  the  remedies  therefor. 

Causes  of  Residence  Fires.  —  The  causes  of  fires  in  dwell- 
ings are  usually  more  easily  determined  than  in  other  buildings. 
A  classification  by  the  Home  Insurance  Company  of  3,298  fires 
in  residences,  of  which  the  causes  were  known,  showed  the  follow- 
ing result:  t 


Flues. 

Lightning. 

Incendiary. 
435 

Electric 
lighting. 

Othwcauaes. 

1203 

272 

116 

1272 

Disregarding  incendiary  fires  and  lightning  (concerning  whieh 
see  Chapter  XXVIII),  it  appears  that  defective  chimneys  or 
flues  were  responsible  for  36  per  cent,  of  the  total  number  of  firefly 
and  electric  lighting  about  3}  per  cent.  Of  the  remainiDK 
"other  causes,"  such  actions  of  personal  carelessness  as  have 


•  From  "How  to  Build  a  Home,"  by  Francis  C.  Moore,  formerly  ] 
Continental  Insurance  Company. 

t  See  Chas.  E.  Eldridge  in  National  Fire  Protection  AsaociaUon**  "Qotf' 
ter/y,"  January,  1911. 
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iviously  been  enumerated  in  Chapter  II,  and  carelessness  in 
istructive  features  other  than  flues  would  doubtless  account 
a  large  proportion  of  the  unmentioned  causes. 
Fire  Safeguards  Applicable  to  Ordinary  Construction.  — 

uch  may  be  done  through  comparatively  simple  safeguards  to 

iprove  the  dangers  of  combustible  dwellings,  —  such  as  flues  or 

e  other  defective  features'enumerated  by  Mr.  Moore, — whether 

ose  built  before  fire  protection  was  understood  and  practised, 

those,  which,  from  considerations  of  economy,  are  newly  built 

ordinary  frame  construction.     Such  safeguards  will  be  briefly 

>nsidered,    principally    from    the   standpoint    of    combustible 

tvellings,  although  many  of  the  cautions  enumerated  will  be 

^ually  applicable  to  fire-resisting  residences,  as  discussed  later. 

Chimneys  and  Flues.  — 

A  FABLE. 

By  Franklin  H.  Wentworth. 

r  Ldst  Summer  a  Good  Citizen  of  a  certain  town  not  over 
a  hundred  miles  from  almost  Everywhere,  built  a  Wooden 
house  for  a  Woman  and  her  Children.  He  built  the 
Chimney  of  Brick  because  he  had  to.  The  Chimney  was 
able  to  Stand  Alone ,  so  he  did  not  have  to  prop  it  with 
Wood.  But  the  Floors  of  the  house  would  not  Stay  Up 
without  props.  The  Good  Citizen  saved  a  dollar  by  vMng 
the  Chimney  as  a  support  to  the  floors.  He  nestled  the 
ends  of  the  Floor  Joists  nicely  in  the  brick  of  the  Chimney, 
He  covered  up  the  job  and  got  his  money. 

The  Rains  fell  and  the  Winds  blew  in  the  most  Biblical 
manner y  and  Winter  cam£  after  its  fashion.  The  Chim- 
ney Settled  a  little;  and  there  was  a  tiny  Cra^k. 

One  morning  the  Woman  woke  up  with  Fire  all  About 
her.  She  tried  to  get  to  her  Children.  If  she  got  to  them 
no  one  Ever  Knew  it.  The  Good  Citizen  who  built  the 
house  was  Not  Arrested  fot  Manslaughter.  He  is  build- 
ing Other  houses  of  the  Same  Kind  for  Other  women  and 
children. 

He  is  making  his  lAving  by  it. 

Unfortunately,  such  a  case  as  is  depicted  by  Mr.  Wentworth  in 
the  above  fable  is  by  no  means  rare.  More  frequently  the  con- 
struction is  as  shown  in  Fig.  318,  where  both  studs  and  trimmers 
are  placed  tight  against  the  4-in.  fireplace  backing  and  flue 
coverings.  This  may  prove  safe  for  years,  but  a  "dry"  joint  in 
the  brickwork  or  a  crack  caused  by  settlement,  or  even  the  con- 
tinued transmission  of  heat  through  the  thin  masonry,  may  start 
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-Wood  Studs  - 


Fia.  318.  —  Faulty  Chimney  Coostruction. 

t 


Fia.  319.  —  Elevation  of  Properly  Designed  Chimney. 

a  fire  at  any  moment.    Such  a  result  would  be  particularly  lia 
to  follow  a  chimney  fire  caused  by  the  collection  of  soot.    I 


one  reason  why  the  London  householder  ia  fined  if  a  chimney 
fire  occurs  on  his  premis*^. 

A  properly  designed  chimney  is  shown  in  elevation  and  plan 
in  Figs.  319*  and  320  respectively. 
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FiO.  320,  —  Plan  of  Properly  Denigned  Chimnoy, 


Chimneys  shotild  be  built  from  the  ground  up  —  never  sup- 
ported upon  wood  floors  or  beams.     They  sliould  extend  at  least 


Fia  321,- 


A  B 

-  Improper  und  Proper  Method  of  Drawitig  Fluea  together  at  Roof, 


3  ft„ above  flat  roofs^  and  at  least  2  ft.  above  the  highest  point  of 
a  peaked  roof.     Whpre  flues  are  drav\Ti  together  at  the  roof  level, 

♦  From  '*Htjw  lo  BiiJKI  a  Home-,"  by  Francis  C.  Moore,  formerly  President 
Continental  Inaurance  Company. 
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this  is  commonly  done  as  is  shown  in  Fig.  321A.  The  method 
shown  in  Fig.  321B  is  far  preferable,  as  regards  both  fire  pi:ote^ 
tion  and  appearance. 

For  all  ordinary  chimneys,  8  ins.  of  brickwork  should  be  a 
minimum.  The  cost  will  be  very  little  more  than  for  a  4-in. 
thickness,  which  not-  only  results  in  poor  fire  protection  but  in  a 
cold  flue  and  bad  draft. 

Before  deciding  upon  a  ^half-brick'  (i.e.,  4-in.)  chinmey, 
ask  your  architect  how  much  additional  it  would  cost  you  to 
build  an  8-in.  chimney.  You  will  probably  not  only  build  an 
8-in.  chimney,  but  you  will  line  it  with  burnt-clay  pipe.  If, 
after  learning  the  extra  expense,  you  are  willing  to  risk  your  life 
for  the  difference,  and  do  not  regard  the  safety  of  your  family, 
read  what  kind  of  man  St.  Paul  says  is  *  worse  than  an  infidel.'  * 

In  addition  to  8  ins.  of  brickwork,  all  flues  should  be  lined 
continuously  from  the  bottom  of  flue ^  or  from  the  throat  of  fireplace 
to  the  top  of  flue,  with  vitrified  clay  flue  lining  or  with  terra- 
cotta pipe.  Such  linings  must  be  placed  as  the  chimneys  are 
run  up,  and  care  should  be  taken  to  insure  good  butt  joints,  well 
set  with  cement  mortar.  As  a  general  rule,  round  flues  draw 
better  than  square  flues,  hence  for  ordinary  use  nothing  better 
can  be  employed  than  10-in.  diam.  terra-cotta  pipe,  the  sections 
of  which  fit  accurately  together  with  collar-joints,  the  same  as 
drain-pipe. 

If  flue  linings  are  not  used,  special  care  is  necessary  to  provide 
good  mortar,  and  plenty  of  it,  so  that  all  joints  in  the  brickwork 
will  be  well  filled  and  pointed. 

If  grates  are  to  be  set  in  fireplaces,  a  lining  of  firebrick  at  least 
2  ins.  thick  should  be  added  to  the  fireback,  unless  this  is  made 
of  soap-stone,  tile  or  cast-iron.  The  withes  or  brickwork  be- 
tween lined  flues  may  be  4  ins.  thick. 

Wood  studs  or  ''headers"  should  never  be  placed  less  than 
2  ins.  away  from  the  brickwork  of  chimnej's  or  flues.  Hearths 
should  be  framed  for  as  shown  in  Fig.  320,  which  gives  the  mini- 
mum requirements  of  the  National  Board  of  Fire  Underwriters' 
Building  Code;  while  the  trimmer  arch,  supporting  the  hearth, 
should  be  made  of  brick,  stone,  terra-cotta  or  concrete,  as  shown 
in  Fig.  319.  The  arch  should  butt  against  a  wooden  wedge  or 
skewback,  which,  in  turn,  should  be  support e<i  by  a  cleat  spiked 

•  From  "  How  to  Build  a  Home,"  by  Francis  C.  Moore,  formerly  President 
Continental  Insurance  Company, 


IliSSIDf^CES 


I 


the  hemior.     If  made  williouL  this  wfrlgn  and  (^loat,  subsequent 

rinkage  would  be  apt  to  allow  the  fall  or  settlement  of  the  arch, 
he  practice  of  supporting  hearths  directly  on  wood  joistfi  or  on 
lank  laid  in  plaee  of  a  masonry  arrh  has  re-suUcd  in  many  fires, 

lIoatlniBr  ApparatuN.  — 

StoocSy  Furnaces  J  etCf  should  be  placed  so  that  no  [jortiona 

ihereof  are  ne^irer  to  woodwork   than  2  feet.      Ceilini^  over 

'urnacea  should  be  of  wire  lath  and  ]>laster  or  othcT  inrombus- 

ihle  construclion,   in  lieu  of  which  n  suspended  fire-rcsialing 

ihield  may  be  used  overhead.      To  pre\'(*nt  possible  overheating 

an  a  furnace  the  prineipal  register  should  be  fixed  so  that  it 

nnot  be  closed;  also  floor  registers  should  novor  be  placed 
irectly  over  the  furnace. 

Slom-  and  Hot-air-Pipes.  —  The  primary  thought  in  tlie  in- 
stallation of  Htove-  or  furnace-[npes  must  be  the  insulation  of 
all  woodwork  endangered  thereby.  This  may  be  aceomplished 
either  by  keeping  such  pipes  a  sufficient  distance  away  from  wood- 
work, or  by  using  double  pipes  with  an  air-Kpaec  IxHween,  or  by 
covering  the  pipes  with  an  insulating  covering  such  a^  metal  lath 
,nd  jjlaster  or  asbestos.  Metal  lath  is  far  better  and  little  more 
expensive  for  use  in  front  of  furnace  pipes  in  stud  partitions. 

Steam  Pipes  should  not  be  placed  nearer  than  2  ins.  to  wood- 
ork,  unless  tiie  latter  is  protected.  If  used  in  .stud  partitions, 
eueh  pipes  should  be  covered  with  sectional  a^sbestos  covering. 
Where  passing  through  floors,  metal  sleeves  and  cover  plates 
should  be  us(hI.  For  details  of  floor-  and  partition-sleeves,  and 
dala  concerning  the  hazards  of  steam  pipes,  see  article  "Fire 
Dangers  of  Steam  Pipes,"  in  the  National  Fire  Protection  AsHocia- 
tion's  '' Quarterly/'  January,  1911.     See  also  Chapter  XXVIII. 

Eleetrle  Wiring  should  not  ]jrea(nxt  any  special  hazard  w  here 
present  approved  methods  of  installation  and  inspection  are 
followed.  ^Mring  on  porcelain  insulators  is  often  used  when  an 
olrl  buililing  ik  to  be  wij'ed,  but  iron  conduits  with  metal  outlet 
and  junction  boxes  are  greatly  to  be  preferred.  Tlie  jirinciiial 
dangert^  from  electric  wiring  are  to  be  feared  in  those  more  remote 
localities  wliere  fire  underwriters'  regulations  are  not  followed. 

Fife  Stops. — Xext  to  jirnprr  chininfys  and  flues,  tlif  rnost 
potent  safeguard  against  tilt"  hazard  in  residences  or  otlier  build- 
ings of  combustible  construction  lies  in  the  '* fire-stopping"  of 
walls,  partitions  and  floors*  Fire  tends  to  sprea<i  upward^  and 
hoUow  walls  and  partitions^  hollow  spaces  back  of  furring  on  even 
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iiui^soiiry  walls  and  hollow  floor?,  all  offer  run  ways  for  the  rap! 

communiciiticjn  of  fire  fnim  et-llar  to  attic  and  from  side  to  siiii 
A  basement  firo  may  thus  spread  rapiilll 
out  of  sight,  until  the  fl aniens  burst  fral 
many  places  at  the  same  time. 

The  remedy  if*  in  fire-stopping,  nnd 
this   ia   pvroperly   done,  even   an   iill-fraj 
rt!«idence  may  be  made  considerably  t 
against  the  spread  of  fire  than  t>rick 
and  WiXid  floor  const  rue  t  ion   without 
Btopg. 

By  mean^  of  fire-resisting  stops  or  filliB 
all  continuous  spaces  which  would  otherw 
act    as    chases    or    drattght    flues   for 
spread  of  fire  vertically  or  laterally  are  ( 
off.     Thus  where  a  brick  wall  is  furred  s 

plastered,  the  hollow  spaces  between  the  furring  strips  may  I 

cut  off  at  the  flwjr  line  by  setting  out  tw  o  courses  of  brick  I 

the  full   thickness  of  the  furring,  both  above  and  below 

joists,  as  shown  in  Fig.  322, 

For  frame  houses,  methods  of  fire-stopp>mg  ouUide  walls  i 

brick  are  shown  in  Fig,  323,  and  partitions  in  Fig»  324* 
For  outside  walls  a  still  better  plan,  although  more  exp 
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ps  to  fill  ia  solid  between  all  studs  with  either  briek  or  hollow  tile 
jloi^ks.     See  later  piiragraph  *'  Wood  and  Hollow  Tile/* 


-Briclt- 
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.    &f  Pltister 


Brick 
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FiQ.  324.  —  Methoda  of  Firo-stopping  Partitions.     ■ 

Bane  men  (;  Ceilings.  —  An  appreciable  element  of  iire-pro- 
tection  will  be  added  to  a  frame  residence  if  all  ba8ement  ceilings, 
but  especially  those  over  furnace  rt>oms,  dry-rooms,  faundries, 
etc.,  are  finislied  with  metal  lath  and  plaster^  plaster  boards,  or 
asbestos  building  lumber.  A  still  more  ofFic^ient  conslruction  is 
ilDltde  by  fiihng  in  sohd  between  the  first  story  joists  witli  hollow 
rtile  blocks  or  cinder  concrete,  or  mortar  or  mineral  wool  may  be 
filled  in  over  the  metal  lath  be!ow. 

Stairs.  —  B^isement  or  cellar  stairways  should  preferably  be 
'  jsurrounded  by  partitions  plastered  on  metal  lath,  or  eovered  with 
plaster  board  or  jisbestua  building  lumber.     A  standard  tin-clad 
door  for  the  opening  leading  to  cellar  is  also  desirable. 

For  upper  stories,  stairs  may  be  greatly  improved  as  to  safety 
and  retard  of  fire  if  the  spaces  between  stringers  and  between 
landing  joists,  etc.,  are  ''pugged"  solid  witli  mortar,  hollow  tile, 
or  other  fire*resisting  materid  at  fret^uent  intervals. 

Closets*  —  Reeesi^es  between  flues  and  corner  walls  are  often 
utilized  for  built-in  closets.  In  such  cases  the  Hues  should  in- 
variably have  both  8-in.  masonry  walls  and  Hue-lining.  Many 
fires  have  originated  from  fire  working  into  closets  through 
cracks,  caused  by  settlement,  etc*,  in  the  flue  walls. 
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Shaft.Si  used  for  dumb-wtiiters,  liffs,  etc.,  form  vertical  eha 
of  considerable  hazard.     (8ee  Chalmers  IX  and   XVI.)     TheJ 
should  at  least  be  coverwl  on  the  inside  with  Bome  Kuch  finisii 
wai?  recommended  for  ba.scment  ceilings,  while  doors  to 
ehould  [>referably  be  tin-elad,  or  lined  with  tin  on  the  inside, 
extending  to  top  story,  they  should  be  vented  by  a  roof  sku 
]if?ht. 

Roufs.  —  Notwithstanding  the  faet  that  the*  shingle  roof  han" 
been  cullefl  '"tlte  breeder  of  conflagrations/*  it  will  undoubted] 
continue  the  most  popular  roof  covering  for  small  or  inoderau 
size<l  renidences  for  years  to  coine.     In  city  or  even  auburba 
Umits,  the  conflagration  or  expi^ure  hsizard  of  the  shingle  ro 
is  great,  as  htm  been  pointed  out  in  connection  witli  tbe  Chelsei 
fire.     Also,  sparks  from  chimney  fires  not  infrequently  igniti 
shingle  roofs.     For  these  rea^sons,  some  cities  have  already  pro- 
hibited e^hingle  ro<jfs  within  tlie  fire  limits.     Firtvresisting  sub- 
stitutes for  wood  shingles  are  founfl  in  natural  slate,  vitrifie 
roofing  tile,  and  asbestos  shingles,  as  described  in  Chapter  XXI 

Flre-reslstlng  Reniden^es.  —  To  those  familiar  with  build- 
ing 0|>er;d  tons  in  the  ITnitt^J  Slutes,  it  would  swm  evident  that  a 
transition  in  our  domestic  archi(efiture  is  now  taking  plac^  — 
a  transition  from  Ihe  heretofore  almost  universal  combustihk 
dwelling,  to  constructions  seeking  to  express  at  least  some  of  th 
elements  of  fire-resistance.     At  no  previous  period  lias  so  muctf 
attention  been  directed  to  improvenienls  in  residence  design  luuI 
curistruction,  and  while  it  cannot  be  chdmecl  that  tire  proteef  ion  is 
entirely  responsible  for  all  improved  mellioils  at  j:»rc!<ent  popular, 
still  it  is  indisputably  true  tltat   the  evolution  of  fire-resiatin 
builiUngs  of  other  types,  and  the  increased  production  and  uses  < 
firc-resisting  materials,  have  all  been  contributing  causes  to  th 
effort  to  express  ponnanenct^,  if  not  fire-resisi  tmee,  in  dwelling 
There  is  also  a  growing  class  of  tliosc  who  rightly  appreciate  ifc 
benefits  accruing  from  fire-resisting  construction  in  dwellings- 
those  who  bidance  such  items  as  deerea,se<l  insurance,  repair  an 
depreciatinn,  lessened  coal  bills,  and  freerlom  from  vermin,  etc 
with  the  often  tloceptive  first  cost.     Even  a  Ciisual  perusal 
present-day  architectural  journals  will  show  what  a  prominen 
place  the  fire-resisting  residence  is  gradually  assuming  in  dome 
tic  architecttire  —  not  only  as  applied  to  large  and  expensive 
dwelhngs,  but  to  small  and  low-cost  houses  as  well*     It  wiJ 
therefore,  be  the  obie^t  of  succeeding  paragraphs  to  illustratij 
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flod  compare  ihe  more  praclitiabie  methotls  *jf  eonMruclirm  winch 
.possess  quiilitici^  «if  fir<^*rc8istaiicc.  These  const ruetious  vary 
from  what  is  really  "sham"  or  false  pretence  to  wliolly  effieient 
fire  protection,  the  deforce  of  efficiency  usually  varj^in^  about  aa 
the  cost.  A  rough  ekiMsification  of  j^uch  const  ructions  will  in- 
clude (a)  Stucco  or  Pbistf'r  houscr^,  (b)  Hollow  file,  (c)  Concrete, 
(d)  Brick  or  stone,  ami  (e)  Combinalkms  of  these. 

Stucco  Besldeiices,  —  By  atucca  or  plastt^r  residencey  is  here 
meant  those  const  ructions  in  which  an  imtflide  plaster  finish  is 
used,  whether  for  appearance  only,  or  frfim  some  consiiienitioTi  of 
fire-protection,  over  wallas  other  than  tIiyroug}dy  fire-res ia ting. 
Such  constructions  include  metal  lath  and  plaster  over  wood 
studs,  bIucco  over  wood  studs  filled  between  witjj  liollow  tile, 
and  metal  lath  and  plaster  over  "metal  lumber," 

Metal  Lath  and  Plaster  over  Wood*  —  The  popularity  of 
the  many  wood-frame  stuccot^d  hoiiBeft  of  the  present  day  k  not 
due  to  any  cormid oration  of  fire-prntection,  but  to  the  fact  that 
they  are  attractive  in  appearance,  not  much  more  expensive  than 
wood,  and,  generally,  cheaper  to  maintain.  Such  constructions 
do,  however,  possei?j5  a  certain  degree  ^f  rej^istance  against  ex- 
posure fires,  and,  if  properly  fire-stopped  and  combined  with 
interior  metal  lath  and  plaster,  an  added  degree  of  resistance 
against  interior  fire  c^f  moderate  intensity. 

The  metal  lath,  whether  wire  or  expanded  metal,  should  jiref- 
erably  be  galvanized.  See,  also,  later  paragi'aph  "Concrete  and 
Stucco  Finishes." 

A  stucco  of  superior  weather  and  hre-rcsisting  qualilies,  made 
largely  of  asbestic  or  ground  ashe^itos,  is  the  *' Asbestos  Stucco" 
maniifa<?tured  by  the  If.  W.  Jolins-Manville  Co.  A  scratcJi  coat 
at  least  one-half  inch  thick  is  first  applied,  o\'er  which  is  put  a 
one-qmirtcr  incii  finishing  coal. 

Woiid  and  Hollow  Tile*  — An  attempt  to  impnne  the  fire- 
rejsistance  of  frame  buddings,  particularly  three-story  ajiartment 
houses  built  in  close  proximity  one  to  another  (within  city  limits, 
but  outside  the  restricted  frame  Ijulliling  aiea),  led  to  an  experi* 
mental  fire-te.st  (Boston,  Mass.,  Itjll )  to  determine  the  compara- 
tive firr^resisting  qualities  of  wood  stnds  filled  in  between  with 
liolknv  tile  blocks  and  covered  with  claf>hoards,  and  ordinary  wood 
stud  and  clapboard  construction.  A  cord-wood  lire  attaining  a 
temperature  of  800^  tti  HKJtJ''  F.  was  maintained  for  about  1^ 
hours  against  the  clapboard  side  of  the  wall,  with  the  result  that 
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wliiit^  tIi(M>rdinary  roiitiiriK'tidii  was  (iiially  cmiiplclely  ronsumedj  | 
the  (ile-filljxl  portion  remained  in  very  fiiir  condition.     Tlir  studa 
were,  of  covirse,  consiimod  to  a  slight  depths  and  cliarrefl  to  ii 
further  depth,  hut  lire  reverse  side  of  tht;  wall,  which  was  pk 
ter(?dj  waa  apparently  in  perfect  condition,  and  at  no  time 
the  temperature  of  the  pla,ster  such  cus  to  prevent  the  bantl  he^ 
held  firmly  in  jdace. 

While  the  rfwult  wtus  most  creditable  for  n  blank  wali^  tf^ 
construction  dot*  not,  in  the  anlIior'f5  opinion,  deserve  serious  ' 
conMideration.     Tile-filled  walls  wouM  be  of  little  avail  withoul 
tile-filled  floorsj  and  even  «o,  the  result  would  be  a  makeshift  ay 
a  cost  closely  approximating  the  far  better  hollow  tile  oonsti 
tion. 

Metal  Lumber*  consiste  of  I-joists  ^  channel  joist«  i 

Btuds    I     ,  corner  joigts        j    ,  wall  ribbons    i     ,  and 

merid>era  t i,  made  of  sheet  steel,  No.  14  to  IS  gauge, 

lengths  up  to  ID  feet,  above  which  splicing  is  necessary.  These 
metal  shapes  arc  used  na  aubstitutcB  for  ordinary  wood  framinK, 
in  the  coni^truetion  of  walls,  floors,  roofs,  partitions,  etc., 
rej^idence^s  or  oilier  buildings  of  a  similar  nature.  -  The  vario 
forms  are  provided  with  prongs  on  the  flanges*  for  the  atta 
ment  of  metal  lath.  These  are  shown  in  Fig.  98  which  illustr 
a  metal  lumber  partition  stud. 

In  wall  and  partition  construction  the  studs  are  braced  by 
the  metal  lath  whit^h  ia  applie<i  out4?ide  anrl  inside  to  receive  th<i 
etncco  finish  and  interior  plastenng.  ]n  florjr  construction,  thfe| 
I-joista  arc  braced  by  melal  bridging.  Crowning  meml^ers  i 
used  at,  the  tops  of  all  partitions  as  fire  stops. 

A  typical  floor  construction  is  shown  in  Fig.  325.  For  lonji 
girders,  steel  beams  are  used  with  shelf-angles  to  receive 
I-joists,  which  are  spaced  10  ins.  to  18  ins.  centers.  These  i 
riveted  to  the  wall  ribbon.  For  the  ceiling,  metal  lath  is  \ 
tached  to  tlie  joists  l)y  means  of  the  prongs.  For  the  floor  finii 
metal  lath  is  usually  first  spread  over  the  joists,  upon  each  j 
which  2'in.  X  3-in.  wood   nailing  strips  are  laid  longitudiaa 

*  Made  by  the  Bcrear  MKnufaoturijag  Company,  CantoD,  Ohio. 
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fe  nailing  striyifi,  and  the  finished  wood  floor  ia  applied. 


I-Joist 


^Ceiling 


Fio,  326-  —  "Metal  Lumber"  FJoor  Ccmat ruction. 


Metal  lumber  may  be  used  also  for  Hoor  and  partition  con- 
struction in  connection  with  exterior  masonry  walla*  However 
J,  the  material  Is  usually  cut  to  length  at  the  factory,  care- 
Jidly  marked  and  shipped  to  the  site  with  erection  diagrams. 
SphceB  and  joints  are  riveted. 

Although  particulai  ly  suited  to  residence  work^  this  substitute 

|for  wood  construction  havS  been  extensively  used  in  a  wide  variety 

of  structures.     While  far  from  being  fire-resisting  under  severe 

est,  th^  great  reduction  of  combustible  material  resulting  from 

^ts  use  contributes  materially  to  safety  from  fire. 

Hollow-tUe  Residences- ^  The  demand  for  plastered  ex- 
|teriors,  and  also  the  demand  for  something  betU^r  than  the 
irdinary  combustible  residence,  have  led  the  manufacturers  of 
terra-cot ta  tile  to  make  and  exploit  neiv  patterns  of  hollow  tile 
especially  suited  to  residence  work,  with  the  result  that  this  type 
of  construction  has  developed  rapidly  during  the  past  few^  years 
from  an  t*xperimental  to  a  well-recognized  type.  Many  details 
of  terra-eotta  constructions  which  have  been  discussed  in  previ- 
ous chapters  are  equally  applicable  to  residence  work,  but  some 
special  applit^ations  of  the  material  are  worthy  of  mejitiori. 
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"Natco''  Hollow  Tilr  Blocks,  manufacturt^tl  by   the  Natioi 
Fire  Proofing  CVjriii)any  especially  for  residence  work,  art?  ra« 
of  bard-Jjiirnoii  niatcriiil  m   llie  following  standarti   sizns;  3j  i 
t>,  S,  10  and  12  ius.  thick  by  12  ins.  wide  and  12  ins.  long.     Ja 
blocks  for  use  at  window  reveals  and  half  jamb  blocks  (the  la 
being  used  for  breaking  vertical  joints  in  successive  coursesj  { 


JAMB  BLOCKS 


-13''    *1^  pt__124iL 

HALF  JAMB  BLOCKS 


lu'' 


Fio,  321  —  "Natco"  Jmnb  ami  Half  Jamb  Blocka. 


illustrated  in  Fig.  326,     "Half  blocks,"  that  is,  6  ins.  long,  mat] 
be  obtained  for  all  of  the  above  types,  in  order  tQ  make  up  i 
required  story  hinght^  etc. 

All  of  these  blocks  are  seored  with  deep  dovetail  grooves  on^ 
Bides  in  order  to  provide  a  strong  mtThanical  Ixind  for  both  ( 
mortar  joints  and  the  exterior  or  interior  plastering, 

Walh  and  Parlilions.  —  Footings  should  be  of  stone  or  pri 
erably  concrete,  on  which,  up  to  the  under  side  of  first  fla 
should  be  placed  the  nine-hole  12  X 12  X  r2-in.  blocks,  th«^  coml 
bonding  of  which  is  seciire^l  by  using  fjX12X12-in.  blocks  at 
the  corners,  with  width  alteniating  in  direction,  as  shown  io 
i.  Fig.  327.*  Where  below  the  surface  of  siuTounding  grouad, 
salt-glazed  or  vitrified  tile  may  be  advantageously  used. 

Walls  of  upper  stories  (and  even  basement  walls  in  sroafti 
dwelhngs)  are  usually  made  of  8Xl2Xi2-in.   tile,  witJi  vol 
placed  vertically, 

•  The  illuHtmtiotiB  referring  to  hollow-tilo  resilience  ^nnstniction  are  1 
fey  permission  ham  eai^ilog  of  the  Nutioual  Firr  Proofing  Cumpati}%  or  f^ 
"Bmldiug  Progtti^'*  Maftai\ne  pubVtaWwl  b^f  Uw;,  ^&mfi  eompany. 
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Load-bearing  parfitions  are  rnacif  of  Iht*  samf  blocks  as  used 
for  exterior  waMs.  To  develop  full  strengtli  the  blo{.^k&  should 
be  set  on  end. 


Fio.  327.  —  Hollow  Tile  Wall  Conatmctioa. 

The  ultimate  load^s  per  lineal  foot  of  wall,  in  pounds,  for 
j**Nateo"  blocks  used  in  exterior  wuILh  or  loud-bearing  partitions 
Mre  as  follows : 


Size  of  tile. 

Width 

of  wull 
llitc 
thick. 

lltimateload 

per  lineal  foot 

of  wall  in 

poundft. 

Width 
or  \^*all 
2  tiles 
^thick.  1 

Ultimate  I/Kid 
per  lineal  foot 

of  wall  la 
poundii. 

4''X12"X12'' 

6''XI2"X12'' 

8''X12''X12" 

10''X12"X12'' 

12"  X 12"  X 12" 

4^^ 

6" 

8" 

ID" 

12" 

114,201 
142,862 
202,131 
228,220 
259,3{K) 

8^ 
12" 
10" 
20" 
24" 

228,402 
285  J24 
404,262 
450,452 
51S,tM) 

Sub-dividing  partitions,  carrying  their  own  weight  only,  may 
be  built  of  blocks  laid  on  side.    Such  partitions  should  be  built 
Ion  the  Hour  archei^,  antl  be  wedged  uikI^t  the  arches  above  *     A. 


FiQ.  328.  —  Hollow  Tile  Fifupliitse  and  Flue  Const  ruction. 

Floors  are  generally  mtde  of  the  combination  terra-cotUi  i 
concrete  type  described  in  Chapter  XIX,  or  of  the  **Johnsot| 
type^  ivi  described  in  Cluiprer  X\'ll.     Bi\ie  loads  for  both  of  the 
floors  are  given  in  the  tiiapters  inentioned.     A  brief  apeciticati 
for  the  combination  floor  eystem  1:5  as  follows : 

General.  —  Floor  construction  will  be  of  the  type  knoT^m  as 
the  ComhinatJon  HcjUow  Tile  and  concrete  floor  areh  eonstruo 
lion,  consisting  generiilly  of  4-iiich  rf^inforceiJ  concrete  beaiiis 
spaced  16  inches  on  centers  with  Hollow  Tile  Blockis  between, 
all  to  have  at  least  4  inches  bearing  on  walls. 

Concrete.  —  All  concrete  used  in  floor  arches  will  consist  of 
one  part  Portland  cement,  two  purls  clean  sharp  sand,  and  four 
parts  broken  stone  or  gravel  of  such  size  as  will  pa^^  through  a 
three-quarter  inch  ring.  Concrete  will  be  of  wet  mixture  and 
must  be  well  tamped  and  worked  around  reinforcing  steel  after 
pouring. 

Reinforceil  Htcel.— Steel  rods  for  floor  construction  iuus?t  be 
of  such  type  as  will  offer  a  tueclianieal  bond  with  the  concrete. 
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rrugated,  twisted  or  simiUir  type  will  be  acceptable.  Steel 
ist  nave  an  elastic  limit  of  not  leas  than  one-half  the  tensile 
ength.  Rods  must  be  clean  and  free  from  rust  scales  before 
icing  in  position  and  must  be  pli&ced  not  over  1  inch  above 
ttom  of  floor. 

Tile.  —  Depth  of  tile  filler  blocks  will  be  regulated  by  span 
d  load  to  be  carried  and  will  be  of  size  indicated  on  the  plans. 
1  blocks  will  be  wet  before  concrete  is  placed  so  as  to  insure  a 
>od  bond  with  the  concrete. 

Centers.  —  Centers  must  be  of  such  size  as  to  insure  their 
)t  deflecting  under  the  weight  of  the  wet  concrete,  and  must 
)  provided  in  such  quantity  as  to  insure  speedy  work.  Care 
ust  be  taken  not  to  remove  the  centers  before  the  concrete  is 
iirdy  and  under  long  spans  a  center  line  of  supports  must  be 
laintained  for  at  least  three  weeks  after  the  concrete  has  been 
jured.  In  cold  weather  the  centers  must  be  left  in  place  until 
irected  by  the  architect  to  remove  them. 


JVM  TUe. 


Concnete  Slati  oyer  tfle  wheo 

neccsaary  to  increase  tiie 

atreiigtli  of  iirob 


Hollow  Tile 


'lloinlttroed  Coniirtjte  Bean 
Iti  on  i^iitci-s 


i  RoiJ  Eteinroi'eeiaent 
Ti^'iated  or  Conjugated 


^Hollow  TTie  Wrtll 


Fia.  329.  —  Hollow  Tile  Wall  and  "Combination"  Floor 
Construction. 


A  general  detail  of  wall  and  "combination"  floor  construction 
is  shown  in  Fig.  329.  The  walls  are  built  up  to  within  an  inch 
or  two  of  the  under  side  of  floor  arches.  Solid  tile  slabs  are  then 
laid,  horizontally  (6  ins.  wide  for  an  8-in.  wall),  to  make  a  bed  or 
ledge  for  the  support  of  the  floor  arches,  to  close  up  the  voids  in 
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the  endw  of  I  he  wall  blocks,  ami  to  iiri  as  fillora  or  levders  to  1 
bring  th(^  fltxjrs  at  proper  heightf^.     These  slabs  should  alwa}':' 
be  of  Hiiiid  materia].     At  the  floor  ihiekness  the  wall  is  faced  with  ( 
2-in.  facing  tile.     The  walls  fur  the  next  Ktory  are  then  HtarLedi 
top  of  the  floor  arches. 

The  ap|ilicatioti  of  the  Johnson  eysteni  to  residence  wor1| 
flho\>Ti  in  Fig,  330.     In  thia  case  a  l-in,  facing  slab  is  used. 


Columns  of  terra-cotta  tile  may  be  made  of  the  *'Monard 
tyj>e,  as  de^icnbed  on  page  37S,  or  of  the  combination  terra-co 
and  reinforced  concrete  type^  a^H  deBcrihcd  on  page  379*     GIp 
between  columns  may  be  made  of  reinforced  concrete* 

Wimhw  Openiftgit,  —  Jamb  rebates  for  the  weight  boxes 
window  frames  arc  made  Ijy  ysing  the  8|x*cial  jamb  blocks  ghowti 
in  Fig.  32(i,  Vertical  jointw  at  jamb.s  are  broken  by  using  half 
jamb  tjlocks  in  alternate  courses.  The  space  between  the  blocb 
and  frame  box  should  l»e  well  filled  witli  mortar  to  prevent  the 
passage  of  air  or  moisture. 

Window  heads  may  be  made  of  jamb  blocks,  cut  with  radial 
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joinU  so  :ls  to  torm  a  flat  arch,  or  a  bo  tint  detail  is  fo  UF^t^  regular 
wall  blockB  fiUfKl  vvilh  concrete  and  reinforcing  rods. 

SiUfl  are  made  of  4-iii.  blocks  laid  on  aide,  either  level  (in  which 
case  the  slope  of  sill  is  made  in  the  cement  finish)  or  on  a  slight 
angle  t«  follow  line  of  fininhod  sill 

Window  jamb,  lintel  and  ^ill  ^wtiorin  a-s  u^ed  in  a  residence  at 
Orange^  N.  J.^  —  Uillon,  McClcllan  &  Beadel,  Architects,  —  are 
shown  in  Fig,  331. 


^^/. 


■-% 


WIWDOW 
JAMS  AND  StLL  '^^^JT'  \^^^"  WINDOW  LINTEL 

Fio.  331.  —  Hutlovr  Tile  Window  Jamb.  Lmtel  ami  -Sill  Co iial ruction. 


Roofs.  —  Pitched  roofy,  as  useri  in  the  lE^reat  majority  of  resi- 
dencetf,  iirc  both  diffieidt  and  extjensive  to  buikl  of  hollow-tile 
construction.  If  the  lines  are  aimjdCj  aa  with  a  double  pitched 
roof  from  a  central  ridRc^  with  gable  walli*  at  each  end,  the  roof 
slab  construction  may  be  matle  of  combination  terra-cotta  and 
reinforced  concrete,  exactly  like  the  floors.  The  roof  urche.s  tlien 
bear  on  the  gable  walls  and  on  crosvs  partitions  built  np  from  the 
floor  below.  When,  however^  numerous  hi] is  and  valleys  are 
introduced,  the  construction  becomes  much  more  complicated, 
as  structural  steel  supports  are  nece.ssary,  and  thcs<*  add  greatly 
I  to  the  expense  and  difficully  of  (he  work. 

For  these  reasons,  wood  roofs  are  generally  used  on  hollow-tile 
lidences.    The  roof  plate  may  be  securetl  by  means  of  plate 
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Fiohs  set,  in  concrete  filling  in  (lie  \\n*h  ui  wall  blocks,  as  shown 
in  Fig,  332. 


Bolt  for  fiisteniTiff  Roof  Plate 
'imbedded  in  ceratsnt  mortar 


FiQ.  332.  —  Wf»jd  Ef«r  ConiHruplion  on  Hollow  Tile  Walla, 
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Concrete  Residences.  —  Concrete  is  used  for  residence  w( 
in    three  distinct  forms,   viz.,  —  tis   finisbod   hollow  blocks, 
imitation  of  stone,  —  a*H  hollow  tiJe,  for  the  reception  of  a  aiirfae 
coating  of  phist-er  or  stucco,  —  and  as  reinforced  or  monolif-hi 
construction. 

Concretje  blocks,  al&o  termed  ^'mortar-hlocks"  ami  ''concretl 
building  tile,"  have  been  described  as  regards  manufacture,  fir 
resiflting  properties,  etc.,  in  Chapter  VII;  also  as  to  their  general 
use  in  wall  construction  in  Chapter  XX. 

Concrefe  Blfjrkii.  —  Exterior  walls  for  ri'sidences,  made  of  con* 
Crete  blocks,  while  satisfactory  enough  from  a  fircvresiMling  shuxl' 
point  for  the  use  in  Leaf  led,  are  generally  far  from  artistic  in 
appearance.  The  du|>lication  by  the  hiniflreds  of  blocks  struck 
off  from  the  sjune  moulds,  made  to  resemble  rock-ffii:;ed  stone,  etc,,^ 
hm  produced  such  an  artificial  appearance  that  the  industry 
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d  concrete  blocks  has  not  made  much  Fiotuhvay.  Stime 
iperinr  ami  men  artiatic  work  of  this  nature  hoE  been  lione, 
y  by  Furdy  A  Henderson  in  seveinl  buildinK^i  in  Havana, 
where  even  very  elaborate  ornamental  fealureK  have  been 
\  concrete  in  sand  moulds;  but  when  done  well,  the  work  in 
nvG,  and  of  doubtful  superiority  over  other  simpler  methods. 
crde  Building  Tile  are  used  for  residence  work  in  practi- 
he  same  manner  as  the  terra-cot ta  hollow  tile  previously 
)ed.  In  some  localities^  especially  in  New  York  City^ 
?o,  Rochester,  N.  Y,,  and  Youngt^town,  Ohio,  many  resi- 
have  been  construe  ted  willi  walls  of  concrete  tile  — 
laving  the  floorSj  partitions,  etc.,  of  like  construction.  In 
jstown  a  block  of  62  workingmen's  houses  was  recently 
ifter  this  method* 

pea  and  sizes  of  blocks  vary  with  the  factories  making  these 
;tfi.  Catalogs  and  further  information  may  be  hatl  by 
sing  the  Chicago  Structural  Tile  Co,,  353  Dearborn  St., 
50, — The  Conrrete  Stone  and  Sand  Co.,  YoungstowTi, 
—  and  Whitmore,  Kauber  &  Vicinus,  Rochester,  N.  Y.,  etc. 
333  illustrates  wall  con^triiction.  The  end  voids  of  the 
blocks  are  filled  with  concrete  to  add  stiffness  and  to 


Tile 


Comer  Tilu^ 
Fia.  333. — Cont:rc;te  BuLldia«  Tile  Wail  Coaatructioa. 


te  the  bond.  Lintel  construction  over  windows,  doors, 
shown  in  Fig.  334,  wherein  the  concrete  tile  are  ritinforced 
d  rods  surrtjunded  with  concrete  which  is  poured  into  holc^ 
the  joints  in  tops  of  blocks.  Rebated  jamb  blocks  for  the 
V  boxes  are  also  shown.  Fig.  3^5  illunl  rates  the  usual  fire- 
ig  floor  construction,  made  of  reinforced  concrete  beatna 
wide  betwwn  cuncrete  tile  liller  blocks. 
permeabiUty  of  concrete  blocks  and  concrete  tile  variea 


I 
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^ypes  of  atructur€'8.  Tho  principal  reason  lies  in  the  excessive 
30st  of  the  wood  forms  required  for  tiie  many  wrntdl  subdivisions 
if  the  usual  plan  und  for  thoso  features  of  di-si^n  which  give  the 
nouse  its  individuality.  If  many  houses  cotdd  bo  huih.  from  one 
set  of  moulds,  as  in  the  Edison  plan  of  multi-poured  houses,  the 
?OBt  of  each  would  be  greatly  reduced;  but  it  is  difficult  to  be- 
come enthusiastic  over  Buch  li  proposed  repetition,  unless  for 
workingmen's  collages  in  mill  I  owns,  etc.  In  large  and  expensive 
residences  the  cost  of  forms  assumes  much  less  import  ance. 

Ne%^ertheless,  some  very  exceMent  work  in  the  way  of  com- 
paratively small  and   inexijensive  dwellingn  has  been  accom-  ^ 
pi  i  shed.  "^  H 

Brick  and  Stone  Residences  do  not  need  imy  particular 
comment  as  to  firo-re.^istance,  jarovided  the  scheme  of  fire-resist- 
ing  construction  is  consistently  carried  out.  It  ha^  already  been 
pointetl  out  tliat  with  i>roper  safeguards^  an  all-frame  residence 
may  bo  made  fur  safer  froiii  ravage  by  fire  tlian  a  brick-  or  stone- 
walled structure  with  wood-joist  floors  and  partitions,  etc., 
wdthout  safeguards.  Incombustible  walls  do  not  constitute  any 
great  <legree  of  fire-safety.  To  lay  any  claim  whatever  to  fire- 
resistancej  brick-  or  stone-walled  dwelhngs  should  have  fire- 
resisting  floors  and  partitions.  The  former  may  be  of  concrete, 
either  reinforced  monolithic  or  in  combination  with  terra-cotta 
tile  or  concrete  tile,  as  f>re\iously  described,  while  the  latter  may 
be  of  brick,  hollow  tile  or  reinforced  concrete. 

Combination  Construetions.  —  Combination  floor  eon- 
structions  consisting  of  concrete  beams  for  strength  and  terra- 
cotta or  concrete  tile  lillers  for  lightness  have  already  been 
described.  Similar  combinations  of  material!*  have  biten  found 
both  practical  and  economical  for  other  portions  of  residence 
work,  particularly-  for  wall  construction,  where  one  material, 
used  for  its  decorative  or  load-carrying  properties,  is  supple- 
mented by  another  maleriul  to  act  its  a  liackiog  or  insu- 
lator. Several  of  these  combination  wall  constructions  are  as 
follows: 

Brick  ortd  Holkne  Tile.  —  An  8-in.  hollow- tile  wall  with  brick 
facing  is  shown  in  Fig,  33ti,  To  tie  the  two  materials  together, 
every  tenth  course  of  brick,  as  at  A^  is  tied  over  the  tile  by  means 
of  full  headers,  the  remaining  4  ins.  being  filled  in  with  hollow 

•  Se«,  partifularli',  "  Reinforced  Concrete  for  the  Smuli  House,"  by  C,  R. 
Knapp,  in  '*1910  ProceediiiBS  of  the  Natioiml  AasociatioD  of  Cement  Usera," 
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void,  or  at  cvfry  joint .  The  blocks  are  scorr<l  on  both  sides  foe 
the  receipt  of  exterior  titucr-o  and  interior  plaster. 

This  method  of  construction  results  in  a  stiff  and  strong  waB, 
well  suite<l  to  residences  and  other  types  of  suburban  building 
for  which  it  ha.s  had  a  somewhat  extentknl  use. 

Concrete  and  8tuceo  FintsbC!!;.  —  While  not  particularly 
pertinent  to  the  subject  of  firc-re^iistanee,  tlu!  question  of  wall 
construction  for  residences  would  not  be  complete  witboxit  some 
reference  to  exterior  and  interior  finishes. 

Concrete  Fininkes,  —  The  treatment  of  the  surfaces  of  C5ancrett' 
which  is  poured  or  tamped  in  forms  is  too  large  a  subject  to 
be  discussed  here.  The  widla  may  be  left  as  they  come  froat 
the  forrasj  shomng  the  board  marks,  —  or  they  may  be  treated 
when  green  with  a  sstifT  stTubbing  brush,  —  or,  when  set,  witli 
wire  brunhas  or  carborundum  stone,  —  according  to  the  finish 
desired.  P\>r  more  detailed  information  on  this  subject,  refer- 
ence may  be  made  to  the  Proceedings  of  the  National  Association 
of  Cement  Users,  particularly  ^'Exposed  Sek^cted  Aggregates  in 
Monolithic  Concrete  CoriHtruction,"  by  Albert  Moyer,  Vol.  IV, 
and  to  the  'Ticport  of  Committee  on  Exterior  Treatment  of 
Concrete  Surfaees,"  L.  C,  Wason,  Chairman,  Vols.  VI  and  VII. 


Fia.  339.  —  Stucco  on  Hollow  Tile.      Fiu.  340.  —  Stucco  on  Hotluw  Tfle, 
Sand  Finish,  Stippled  Sand  Finish. 

Stucco  on  Hollow  Tile,  —  Various  finishes  are  best  Bhown  bf 
illustrations,  as  follows:* 

Fig.  339  shows  a  ''sand  finisli"  of  Portland  cement  and 


Fig.  340  shows  a  '^stippled  sand  finiali  ^'  of  Portland  cement  and 
sjind. 

Fig.  341  shows  a  ** rough  cast"  of  Portland  cement,  sand  and 
etone  screeaingg. 


Fro,  34  L  —  Sturco  on  Hnlloiv  Tile,    Fto.  342.  —  Stucco  on  Hollow  Til*, 
Rough  Cast  Ii'lniah*  Pebblt?  Da^h  Finiah, 

Fig.  342  shows  a  ^* pebble  dash"  of  Portland  coment,  sand  and 
pebbles  applied. 

Speiufications  for  the  above  finislios,  recommended  by  the 
National  Fire  Proofing  Co.,  are  as  follows: 

WETTING:  The  tile  should  be  well  wetted  before  applying 
the  mortar. 

MORTAR:  Mortar  to  be  composed  of  sliarp  sand  and  a 
Btandard  Portland  c^emt^nt. 

BROWN  COAT:  8and  and  cement  to  be  mixed  in  propor- 
tioTi3  of  three  to  one  with  6  per  cent,  of  lime  putty.  Lime  to  be 
properly  slaked  and  screamed  through  a  xlr^i^ch  mesh  sieve  and 
allow*ed  to  cool  and  then  be  mixed  with  water  before  mixing  with 
the  sand  and  cement.  Sand  and  cement  in  the  proper  propor- 
tions to  be  mixed  dry  before  mixing  with  the  putty.  All  to  be 
thoroughly  mixed  to  the  proper  consistency  before  applying  to 
the  wall.  All  walls  to  have  a  good  heavy  coat  of  the  foregoing 
composition  and  to  be  rodded  and  straightened  by  means  of  a 
straight  e<.lge  and  darby  and  left  uniformly  plumb  and  straight. 

ROUGH  CAST  COAT:  After  the  brown  coat  has  thor- 
oughly set  apply  the  rough  cast  coat^  wliich  is  to  be  composed 
of  limestone  screenings,  sharp  sand  and  cement  in  the  following 
proportions:  two  of  limestone  scrt^enings,  one  of  sand  and  one 
of  cement.  This  mixture  is  to  be  made  soft  enough  that  it  caa 
be  thrtiwn  on  the  wall  by  means  of  a  shingle  or  paddle.  Care 
must  be  taken  to  cover  the  entire  surface  with  an  even  <!oat  and 
left  ao  that  there  will  be  no  uneveimea*  other  than  thai  tviAiaejiXi^ 
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the  roughness  of  the  material.  Enough  of  this  mixture  should 
be  inixecj  at  one  mixing  to  enver  an  (^ntire  wall-  The  entire  wall 
mn.st  In.'  rough-ctLsited  at  one  time  ao  that  there  will  be  no  joinings, 
streakf*  or  disenlnrations  after  the  completion  of  the  work,  and 
ninst  he  h'ft  in  an  ev^en  and  uniftjrm  nolor  in  a  first-ehiss,  work- 
manlike manner.  If  tJie  weiither  is  hot  it  will  be  necessary 
to  spray  the  finished  wall  twiee  a  day  for  a  jMiTiod  of  three  or  four 
days  after  the  eon  t  plot  ion  of  the  work. 

If  it  he  dt  sired,  gruv^el  can  be  used  in  place  of  stone  screen- 
ings in  the  same  proportions. 

If  it  tie  di^ire.i  to  leave  a  granule  surface,  use  sharp  sand  in 
the  pruitortion  of  three  of  sharp  sand  antl  one  of  cement.  To  be 
properly  lloa»ed  twiee  and  left  hi  an  even  granuh'd  surface  free 
from  voidn,  elihi  cracks,  blisters  or  other  defects.  The  entire 
wall  should  be  floated  at  one  time  to  prevent  joinings  or  streaks. 
If  the  weather  is  hot  this  should  also  be  sprayed. 

Stucco  on  Mdal  Liilh,  —  For  outdoor  purposes,  it  is  best  to 
use  galvanized  metal  lath.  There  are  various  kinds,  woven, 
welded,  ex|Kinded,  any  one  of  which  can  be  used.  That  ha\ing 
a  large  eross-iiection  of  metal  and  being  heavily  coated  wdth  gal- 
vanizing material  is  likely  to  bi;  the  most  durable,  if  moisture 
should  penetrate  through  the  plastering  to  this  material.  It 
should  be  thoroughly  tic^l  to  furring  at  intervals  not  exceeding 
Hi  ins.  with  gaUaniiied  wire.  The  furring  should  leave  sufficient 
ppace  for  the  mortar  to  push  through  the  mesh  and  clinch  without 
interference  from  the  hacking  to  which  the  furring  is  attached/ 

Interior  Finish.  —  While  the  interior  finish  of  residences  is  j 
usually   [ilaster^   the  greatly  increased  use  of  hollow^   tile 
concr(>te  for  walls^  etc.,  has  Buggested  a  frank  iinlinishetl  int^ri 
treatment   of    those   materials.     The   following   quotat  ions  urf ' 
given  principally  as  a  suggestion  as  to  what  may  be  acconiplishecy 
along  these  lines. 

The  possibilities  of  the  interior  treatment  of  a  house  ol 
terra-cotta,  provided  the  house  is  really  carried  out  in  a  fireprool 
construction,  are  also  very  considerable.  The  interior  use  of  tl| 
tile  construction,  inchtding  the  tilt^-areh  construction,  thou^ 
comparatively  recent,  is  much  older  in  this  countr^^  than  that  i 
hollow  blocks  Its  the  material  of  the  outer  walls.  Here,  also,  j 
was  a  sad  sight  to  see  a  construction,  evidently,  during  its  pre" 
ress,  susceptible  of  an  interesting  and  expressive  treatment,  ! 
for  exjunple,  a  stau'way  with  its  .soffits,  swathed  and  hid  ia  i 
envelope  of  plaster,  which  deprived  it  of  all  interest  and  expiH 
sion.  Few  householders,  it  is  true,  w^otikl  care  to  have  Iheir  1' 
ing  rooms  lined  with  visible  blocks  of  terra-cotta.  But  there  i 
features  in  a  dwelling,  such,  for  instance,  iis  a  stairc^ise  and  | 

•  Jlei-Kirt  of  Committeo  on  Exterior  Tretitriicnt  of  Concreto  Surfaoea,  * 
coedinga  jVntioaat  Ajistjtiiatiuu  ol  Cmaeut  Uacra,**  Vol  VI. 
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staircase  hall,  f^uch  for  instMnno,  jus  m  bat  hmomt  plarrs  nf  piLss^vge 
or  of  rcf^ortj  not  of  sojourn,  in  which  an  exposure  and  treatment 
of  the  actual  material  ami  construction  would  hv  appropriate 
and  welcome.  Whoever  doubts  this  may  be  invitefl  to  vi«it 
and  inspect  that  admirable  work,  the  chapel  of  Columbia  Uni- 
yersitVi  and  see  to  what  interior  detail  the  material  readily  lends 
itself  in  the  hands  of  an  artist.* 

If  the  ''combination"  floor  of  reinforced  concrete  beams  with 
hollow  tile  fillerH  h  used,  a  beamed  or  paneled  eeiling  may  be 
made  by  increasinR  the  depth  of  the  concrete  beams  so  that  they 
will  project  below  the  soffits  of  the  tile. 

As  to  the  interior  finish  of  concrete,  **a  beautiful  and  artistic 
effect  may  be  had  by  so  erecting  the  inner  walls  and  partitions 
(if  of  concrete)  that  they  do  not  require  pliisterin^  or  other  cover- 
ing. Concrete  has  sufficient  merit  to  be  treated  frankly  aa  such, 
instead  of  being  hidden.  Xow  introduce  color  and  decoration 
by  using  tiies  and  mo.saic  to  give  the  needed  life  and  relievo  the 
monotoDy,  but  not  for  the  ptirpose  of  hiding  the  concrete,  which 
is  exposed  frankly  where  decorations  do  not  occur.  Then  decora* 
tion  will  exercise  its  true  fiinction,  by  emphaiHizinf?,  instead  of 
hiding  structural  beauty*  It  is  almost  needless  to  say  that, 
where  this  cffai^l  is  sought,  concrete,  being  a  pla-stic  malerialj  is 
admirably  adapted  for  this  pyrpose."t 

Metal  Casement  Sash  are  frequently  u.sed  in  England  and 
in  European  practice  for  public  and  commercial  buildings,  and 
for  the  better  cliiss  of  resiliences.  They  are  being  increasingly 
used  in  this  country,  especially  for  residences,  not  so  much  on 
account  of  fire  protection  as  on  account  of  appearance  and  con- 
venience. Their  installation,  however,  forms  a  distinct  ^iddition 
to  the  fire*resi9ting  qualities  of  first-  or  second-class  construction 
in  dwellings. 

Fig.  343  ilhi.strates  typical  casement  sashj  f>f  the  details  shown 
in  Fig.  344.  The  framc\s  and  Bash  are  made  of  solid  rolled-steel 
sections,  the  corners  of  whicli  are  riveted  and  brazed.  Hardware 
is  made  of  wrought-iron  or  of  gun  metal.  Various  other  forms 
of  fixed  anrl  pivot cf I  sash  arc  made,  besides  liinged  transom  sash. 

Fire  EKtiugiiishlng  ApplljiticeH.  — The  value  of  *'  first  aid  " 
appliances  in  the  event  of  fire,  as  described  in  Chapter  XXIX,  is 

•  Mootgomery  Snhuylor  in  **BuiIdmia:  Proi^rcss,"  Marnb,  I9\t 
t  "Rdnforeed  Concrete  for  the  Small  House, *^  C.  H.  Knapp,  '^Prtjceodings 
Natiana!  Aattor-iaijon  (if  Cement  Uesere,"  Vol.  VI. 

{  Made  by  Heofy  Hope  db  Sons,  Ld.,  BirmJDgham.  England. 
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parliciiliirly  applicable  (o  residences,  owing  to  the  generally 
infliimmable  nature  of  the  contents.  First  aid  appliances  such 
as, water  pails,  extingujahers,  etc,  are  discussed  in  more  detail 
in  Chapter  XXXI L 


\ 


Fio.  343.  ^  Ak'tal  Casement  Sash. 


Water  pails,  owinp  tr>  their  unsightly  appearance,  are  hardly 
ftuitable  in  dwellings  except  in  cellars,  but  no  residence,  howeve 
small  or  modest,  should  be  without  chemical  extingui.shen 
These  should  be  located  preferiibly  one  on  vueh  floor,  and  a  liuk 
ingtmuity  can  arrange^  for  their  jilaeing  on  small  metal  brackete 
sliiVlvi'j^  or  ilw  like  in  lialL^,  bathrooms,  pantries,  etc.,  where  the! 
will  be  handy  but  incontspieuouB. 

For  larger  residences,  a  wise  precaution  is  the  installation  of 
a  2-in,  si  and  pipe,  located  at  or  near  the  stairway,  w^ith  a  suttabk 
length  of  Ere  hose  at  each  floor.     The  standpipe  may  be  supplie 


HESIDENCES 


787 


from  an  attic  ttmk^  which  should  hv  so  arrange*!  as  to  be  kept 
fuU  automatically;  and  by  placing  the  riser  in  a  slot  or  chase  in 
the  wall,  covered  by  a  i>anc*lod  wood  or  metal  front ,  and  with  hose 
racks  in  neatly  finished  wall  boxeis,  the  whole  installation  will  be 
inconspicuous,  but  invaluable  in  time  of  need,  provided  pro|)cr 
maintenance  is  given. 

For  a  farm  or  large  country  plaee,  especially  if  somewhat 
remote  from  fire  depart  inert  t  service,  a  4f)-galloTi  ehenneal  tank 
with  hose,  on  wheels^  should  be  considered  a  iieecBsary  adjunct. 


Fig.  341.  —  DeluU  of  Molail  Ctt.semcnl  Sa«b  and  Frame, 


€om|>lirativc  Costs-  —  A  careful  investigation  conducted  by 
Mr.  J.  Parker  B,  Fiske,  Secretary  of  the  Building  Brick  Associa- 
tiouj  to  determine  Ihe  relative  co8ts  of  small  houscH  of  various 
types  of  constrtiction/  furnishes  trustworthy  data  concerning 
the  cost  of  third-clasa  or  all-frame  residences  vs.  second-ckusa 
reaidencm,  or  thope  with  masonry  exterior  walls  and  wooden 
floors,  roofs,  partitions,  etc*  Bids  were  askcfl  from  five  building 
contracting  firms  of  well-known  reputation  on  identical  phms  and 
Bpecifications  covering  nine  alternate  constructions  as  follows: 

Type  1.  Frame  covered  with  boards  and  finishe^^l  with 
elapl^oards  over  building  paper;  inside  surface  furred,  lathed 
and  plastered. 

Type  2.  Frame  covered  with  boards  and  finished  with 
shingles  over  building  pafier;  inside  surface  fnrred,  latheti  and 
pla^tertxl. 

♦  For  full  detaiia  see  The.  Brickbuitder^  MBrch,  ItUI* 
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Typo  3.  A  lO-ineh  brie  k  wall,  i.e.,  two  4-m*^h  walls  tiifl 
together  with  inelHl  ties  and  separatecJ  by  a  2-inch  air-space; 
in^irle  Hiirfaee  }>laHtere(l  dirc^-tly  on  the  brjckwork.  Face  brid 
to  cost  ^17.50  per  M.;  inside  brick,  $9.m  per  M. 

Typo  4.  A  12~ineh  soliri  hrit^k  wall;  insidt^  surface  furrpA, 
]athe<l*aiid  platitered.  Face  brick  to  cost  SI 7,50  p<?r  M.;  itmk 
brick,  $tKOO  per  M. 

Type  'y.  Eight-inch  hollow  terra-eotta  blocks,  stuccoed  on 
the  outside  and  plastered  directly  on  the  inside. 

Type  6.  Hix-incli  hollow  terra-cotfa  blocks,  finished  with 
a  4-inch  brick  veneer  on  Ihc  out^^ide  and  plastered  directly  OB 
the  inside.     Face  brick  to  cost  SI 7, 50  per  M.  " 

Type  7.     Frame  covered  with  boards  and  building  pa] 
furred  and  cf>verwl   with  Ktiiceo  on  Clinton  wire  cloth  J 
surface  furretl,  lathed  and  plastered. 

Type  8.  Frame  covereil  with  boards  (building  fja] 
omittel),  and  finished  with  a  4-inch  brick  veneer  on  the  outsi( 
inside  surface  furrecl,  lathed  and  plasterod.  Face  brick  to  cj 
$17.50  per  M. 

Type  9.  Frame  finished  on  the  outside  with  a  4-inch  brick 
veneer  tied  diwctly  to  the  studding  (boarding  omitted)  j  inside 
surface  furred,  lathed  and  plastered*  Face  brick  to  cost  $17.50 
per  M. 


All  details  and  requirements^  save  the  onter  wall  eoiistructia 
werf!  uniform  for  aU  types.  The  comparative  bicLs  received  ^e 
as  follows: 


Type  No. 


AveraAe 


t 

fl732  00 
6235  76 


-^^ 


f 

7572.00 
6736.43 


«370  40 

(1692.00.8786.00:7118.00 
B690  OO  '7406,00 

7450,00  7450  00  7940 OO 


e759.95 


7105,00 
41S.O0 
7801,00 
6240  WJ 


68eS,SQ  7372,48  7(341,00 


I 


So 


(fA 


ll 

7410.00 
6401  23 
7179  M 
7202.00 


II 


S 

7777.00 
6762,83 
7238  OO 
7fl4S  00 


7650.00  70^  m 


iM 


I  s 

(5857  00  71'"^ 
MIO  OOh: 
6847  50 i 

7000.00174-.. 

lamM  7790.00  7710,1 


7187  65  74S3  16  6952  90  7226  44?7153 


The  percentage  excess  costs  of  the  various  types  over  the  clap- 
board type  were  as  follows: 
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Type  No. 

1 

2 

3 

4 

5 

6 
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Bid  No, 

1 

.0 
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19 

59 
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2 

.0 

2  1 

SO 
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4,1 

84 
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8  2 
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'    3 

,0 

1.4 

6.4 

10.8 
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4 

.0 
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16.6 

7.7 

14.3 
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5 

.0 

,0 
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10,6 

2.7 

7.2 

2.7 

4  6 

3  5 

Average 
of  Bids 

.0 

1.6 

9.1 

13  0 

6.3 

10,7 

2M 

6.9 

6.B 

Fire-ResiMing  Construction.  —  Similar  eomparisons  have  been 
made  between  the  costs  of  frame  dwellings  in  tlie  vifdnity  of 
New  York  City  and  first-cln^s  construction,  —  i.e.,  with  firi> 
resisting  walla,  flooni;  roof  and  partilioDS.  These  costs  averaged 
about  as  f oUows : 

PVame  dwelling ,  ,     ^10,000. 

Hallow  tile  construction  throughout,  except  roof,  walls 

stuccoed $12,000. 

Hollow  tile  construction  throughout,  walls  fa(^e<l  with 

brick 114,000. 

Brick  walls,  hollow  tile  flixjrs,  roof,  etc. $15,000. 

Cost  of  Maintenance  for  Residences  of  Seeond-  and 
Third-class  Construction.'*'  — 

An  estimate  of  the  probable  yearly  chftrge-off  and  repairs 
on  a  dwelling  of  third-class  constructiun,  namely,  all  of  wood,  and 
on  a  dwelling  of  the  same  size,  character  of  finish,  etc.,  but  of 
second-class  construction,  namely,  with  exterior  of  incombustible 
material : 

L   Third-class  dwelling  covering  abotJt  1500  sq. 
ft. J  two  and  a  half  stories  and  cellar.     Cost,  $10,OU(i 
Est] mated  efhcieiit  life,  20  yeai-s. 

Annual  charge-off  with  interest  at  4  per  cent...  ....     $736.00 

Repairs,  painting,  etc. . 250 .00 

ToUl  per  year $986.00 

•  From  *'The  Prevention  of  Fire  tn  BoatoOp"  Report  of  the  Committee  oa 
Fire  Prevention  or  thu  Boston  Churaber  of  Commerce,  C.  H.  Blsu-kall,  Cbalr- 
msLa,  Septem^ber,  laU. 
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2.  Cost  of  house  of  same  dimensions,  but  of  sec- 
ond-ijlass  construction,  $11,500.  Estimated  eflBcient 
life,  40  years. 

Annual  charge-off  with  interest  at  4  per  cent.  .  .  .      $580,75 
Repairs  and  painting  about 100  OC 


Total  per  year $680.75 

The  cost  per  year  on  the  above  basis  for  a  third  class  building 
is  $30.7,25  niori'  than  that  of  a  secondn-hi^w  liuiiding,  au  increase^ 
of  45  per  cent. 

Applying  the  same  reasoning  to  the  orflinary  three  tenemeii 
house  of  which  bo  uiaiiy  arc  built  in  our  sut>urbs,  the  compariis 
would  be  na  follows: 

1.  Three  tenement  house  entirely  of  wood  or  third- 
class  construclion,  approximate  cost,  $(j5lX).  Estimated 
etficient  life,  20  years. 

Annual  ctiarge-off  with  interest  at  4  per  cent  ...      $478 .  40 
Repairs  and  painting 150.00 

Total  per  year $628. 

2.  Cost  of  h(juse  of  same  dimensions,  but  of  sec- 
ondw'la*?  construction,  $7500.  Ktttimat^  efficiei^l 
life,  tiO  years. 

Annual  charge-off  with  interest  at  4  [n^r  cent    ...      $423. 
Repairs  and  painting 75.00 


Total  per  year $498. 

In  this  case*  the  cost  per  year  for  the  third-class  building  i 
$129.90  or  26  per  ('ciit.  greater  than  that  of  the  sccoiid-ciass 
building. 

Ftgure<s  such  as  these  can  be  only  suggestive,  and  it  would 
be  almost  imjiossiblc  to  establissh  anythinjaf  hke  exact  ratios  of^ 
cost  of  maintenance,  length  of  available  life  or  amount  of 
preciation,  as  these  do  not  depend  w^holly  on  the  nature  of  ih 
conatntction,  but  are  much  nimliticd  by  exposure,  character  c 
occupancy  and  by  the  frec[uenc3^  of  change  in  tenants.  But  th 
figures  are  at  least  a  justification  of  the  conviction  held  by  many 
.exi)crt8,  that,  taking  evcrytlung  into  account,  a  building  of 
seeondH^hxss  const  ruction  will  wear  better,  last  longer  aD4 
usually  cost  less  in  the  long  run  than  a  similar  building  of  tli' 
class  construction,  with  combustible  exterior.  The  continued 
construction  of  wooden  buildings  would  therefore  seem  to  be  a 
mistake,  from  the  standpoint  of  cost,  of  use  as  measured  by  lengtJi_ 
of  life,  and,  above  all,  of  the  fire  hazard. 
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Tbe  Requli^ltes  for  a  Bueeessful  Factory  Building  cnmprig^ 

Defiitjn^  as  afToctini^  convenience  or  sailiibilit^v'  for  I  he  purposes 
intendedj  the  subdivision  of  large  areiia^  lh(i  isolation  of  dangerous 
features  and  processes,  and  the  elimination  of  vertical  openingn. 

Coimtniviion.  as  regardn  tJie  suitability  of  mixterials  and  delaila 
for  the  type  sekiited,  rigidity,  waterproof  floors,  satisfactory 
attachment  of  shafting,  etc.,  combined  with  the  lowest  practi- 
cable cost  and  the  leaat  depreciation. 

FiTB  ProtecUon,  as  regards  business  interests  and  insurance 
charges,  equipment,  and  management;  and  as  affecting  the 
safely  of  employees,  including  means  of  egress,  fire  alarm  system 
and  fire  drills. 

These  factors  will  each  be  briefly  considered. 

Design.  —  The  requirements  of  design  enumerated  above  bave 
been  discussed  in  previous  chapters,  particularly  in  Chapter  IX. 
The  isolation  of  dangerous  processes  of  manufactLU"e  is  especially 
important,  as  referred  to  cm  page  313. 

Oftentimes  structural  defects  (not  mechanical,  but  from  the 
standpoint  of  fire  hazard)  of  the  unwise  location  of  hazardous 
factory  processes  cannot  be  overcome  by  the  adtlitioii  of  special 
fire  protection  after  the  complelion  of  the  btiilding.  In  such 
castas  these  defects  operate  as  a  fixed  charge  upon  the  property  and 
contents  as  long  as  the  building  atands.'^ 

Cotistructfon.  —  Present-day  types  of  factory  construction 
involving  partial  or  complete  fire  protection  as  far  as  the  building 
is  concerned  include: 

(a)  Steel-frame,  sheathed. 

(b)  Mill  construction. 

(c)  Steel-frame  buildings  with  brick  walls  and  fire-resisting 
floors. 

(d)  Reinforced  concrete. 

(e)  Combination  concrete  and  mill  construction, 

*  "Factoriea  aud  their  Fire  rrote«Lioii."  by  Fmaklin  H.  Wentworth  in 
gpecLal  BuIleLia  of  the  NatloQEil  Fire  Protection  AsHQciation, 
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All  of  these  methods  of  (-onstruff ion  hhvo  the  latter  Iiavc^  h 
described  in  previous  chapters,  but  there  remain  to  be  considei 
ecveral  practical  conBidcrations  which  oft^n  affect  the  choice 
a  type,  the  applicaL>ility  of  tire  above  mentioned  types  to  mi 
or  factory  buihiings,  aiiil  (he  importfint  que^tioDs  of  relative  cost 
and  depreciurion. 

Light  and  Windows.  —  Modem  factory  requirements  usually 
demand  a  inLiximum  window  area  —  generally  because  the  li| 
i,s  needed   for  ujaiiufactiiring  puriKJsey,  but  woiiietinies   becai 
of  vrntilution.     The  extent  to  wliich  window  areas  may  be  carrit 
depends  upon  the  height  of  the  stories  and  the  type  of  couatri 
tion  adopted.     The  hc^ight  of  stories  requires  careful  conside 
tion  in  order  that  the  middle  of  (he  rooms  in  wide  mills  may 
well  lighted.     The  width  of  buildings  is  many  times  limited 
the  question  of  light  rather  than  by  other  factors,  and  as  widi 
buildings  cost  Ici^b  than  narrow  ones  per  square  foot,  careful 
study  is  neci^sary  to  determine  the  bent  dimensions  for  ecoi 
omy  consistent  with  the  occupancy. 

Brick  WaUs. — In  several-storied  mill  or  factory  buildings  havii 
loiul-bearing  l>rick  walls,  the  loads  to  be  carried  may  well  rcqi 
such  pier  dimensions  for  common  brickwork  as  seriously  to  curtail 
the  window  areaa.  Hence  in  some  of  tlie  more  recent  examples  of 
mill  constructed  buildings,  steel  girders  have  been  used  with  steel 
Tvall  columns  encased  in  the  brick  piers.  This  allows  a  minimuTH 
size  pier,  ws  in  reinforced  concrete  work.  In  one  of  the  Ayer  Milk, 
Chas.  T.  Main,  Engineer,  where  the  bays  are  1 1  feet,  this  method 
wa^  used  to  give  9  ft.  window  openings  and  2  ft .  ]ners. 

Concrete  WaUs.  —  Usually  consist  of  a  skeleton  framework  of 
reinforced  concrete  columns  and  wall  girders,  thus  permitting  a 
maximum  window  area,  though  it  is  customary  to  build  low 
spandrel  walls  of  brick  on  top  of  the  wall  girders,  up  to  a  heij 
suitable  for  window  stools* 

Window  Frames  and  Sash.  —  From  cons iderat long  of 
^  internal  and  external  fire,  incombustible  window  frames  and 
are  desirable.  These  will  serve  to  prevent  the  comraunication  ol 
external  fire  by  means  of  sparks  or  brands  on  the  sills,  or  by 
direct  contact  with  flames,  while  also  helping  to  prevent  *' auto- 
exposure,"  or  the  spread  of  internal  fire  by  means  of  draught  frotii 
the  windows  of  one  floor  to  those  above^  as  Wfts  the  case  in  the 
"Triangle**  shirt-waist  factory  fire,  previously  described 
CImpter  VL 
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Groat  jniprovementB  have  boon  made  during  1  he  pant  few  years 
in  steel  window  eonstnietion  especially  adsipted  to  faetory  use* 
A  typical  type  is  .shown  in  Fig.  345,  The  frames,  miintins  and 
sash,  etc.,  are  made,  of  variously 
shaped  rolWl-steel  sections,  usually 
patented,  with  varying  ** interlocking'' 
methods  of  joining  the  vertical  and 
horizontal  muntins.  Most  of  8iich 
windows  are  made  on  the  **unit" 
principle,  that  is,  combining  glass 
units  of  standard  size  so  as  to  make 
almost  any  required  wfdth  and  height* 
Weil-knowii  makes  of  windows  of  this 
character  are  the*' United  Steel  Hash/* 
made  by  the  Trussed  Concrete  Steel 
Co.,  De troi  t ,  M  ich . ,  —  the  ' '  L u  pton* 
Steel  Sash,"  mude  by  David  Lu|> ton's 
Sons  Co.,  Philadelphia^  —  the  ''Fenes- 
tra Sash/'  made  by  the  Detroit  Steel 
Products  Co., — and  the  "Rapp'' 
rolled  steel  sash  made  by  the  U.  S- 
Metal  Products  Co.,  New  York. 

While  windows  of  the  above  tyf)e 
may  not  be  termed  fire-resisting,  be- 
cause made  of  unprotected  Kteel,  Btill 
they  comhine  a  minimum  obstruction, 
to  light  wil  h  a  considerable  resistance 
to  fire  without  buckling  or  releasing 
the  glass. 

There  1%  however,  one  point  in 
connection  with  rolled  steel  windows 
which  has  generally  been  overlooked, 
namely  that  such  constructions  form 
as  effective  a  barrier  against  escape 
from  the  inside*  or  against  the  access 
of  firemen,  as  though  fixed  window 

guards  or  gi'illes  were  installed.  The  steel  i^cctions  are  so  strong 
that  they  cannot  ea.sily  be  broken,  and  the  glass  lights  are  so 
small  that  persons  can  neither  escape  nor  enter  thereby.  Con- 
ditions may  e^i^sily  arise  in  mills  or  factories,  especially  where 
large  numbers  of  operatives  are  employed,   under  which  the 
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employees  might  be  trapped  by  such  windows,  or  firemen  pre- 
vented from  entering  to  advantage.  Lower  movable  sections 
are  therefore  iwlviwuble,  of  a  size  sufficient  to  ptTrait  egress  or 
entrance.  This  fiafeguard  in  connection  with  such  sa&h  is 
obligatory  in  London,  as  the  result  of  a  factory  fire  where  the 
operatives  were  effectually  trapi>ed  by  steel  wintiows. 

Glazing.  —  If  the  e-Xposure  hazard  need  not  be  considered, 
*'Luxfer  Sht>ci  Prism"  gla^ss  will  afTord  a  maximum  light.  If 
exposure  hazard  must  be  taken  into  aenount,  the  windows  t^hould 
preferably  be  glazed  with  rough  or  figure*!  wire  glass,  or,  where  I 
maximum  light  is  also  cfisential,  witli  "rii>be<r'  wire  glass.  Ffl( 
much  information  on  the  subject  of  light  in  fat  lory  buildings,  et( 
see  Rej>t>rt  No.  IH  of  the  Insuran^'t*  Engineering  Experimci 
Station,  **  Wired  CHass  —  DilTusion  of  Light/' 

Water-tight  Floorsp  ^  In  many  lines  of  manufacture,  watt 
damage  may  be  quite  as  (liHa^irous  to  stock  or  merchandise  J 
fire  damage,  hence  flrKirs  should  be  made  water-tigiit  so  that  i 
in  one  room  or  florir  may  be  extinguij^hed  by  means  of  hose  < 
sprinklers  without  necessarily  causing  water  damage  on  the  floor 
or  flt>ors  below.  The  use  of  scuppers  in  the  exterior  walls  at 
floor  lines  for  the  carrying  off  of  water  is  fiarlictilarly  applicable 
to  warehouses  and  factories.  See  piuagraph  **  Waterproofinfi,'^ 
Chapter  XI,  page  335.  Either  concrete  or  wood  floors  may  I 
pitchixl  io  wall  scuppers. 

Attachment  cif  Shaftleg,  etc*  —  The  type  of  floor  consti 
tion  vitally  affects  the  question  of  hangers  for  shafting,  sprinkled 
pipes,  etc. 

Owing  to  the  fact  that  most  mills  are  built  before  the  i 
location**  of  machines  and  shaftings  have  been  worked  out,  it 
imjriosaible  to  provide  for  hangers  in  definite  locations  beforeha 
Provision  must  be  made  for  permitting  the  shafting  to  be  pla 
in  almost  any  location,  as  sooner  or  later  most  mills  undergo  { 
reorganisation  in  part  or  in  whole.  This  means  that  provisioir 
must  be  made  with  enough  flexibility  to  allow  the  placing  of 
shafting  wherever  desired. 

In  this  respect,  mill  construction  poBseBses  a  decided  advantage, 
while  both  hollow  tile  and  concrete  floor  constructions  are  ftt  ( 
great  d  isiid  \'  rmtage . 

Wliere  hoMow  tile  floor  arehcs  are  used,  hangers  for  shaftin 
etc. I  are  usually  attached  to  the  flcrar  be^ms,  either  by  tappii 
into   the    beam   fiances  oi  b^   meaxiB  of  clamps  around 
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flanges.  In  either  case,  the  soffit  protection  is  destroyed  at 
such  points.  Also,  where  shafting  runs  parallel  to  beams,  either 
cross  supporta  arc?  nw^esaary  from  beam  to  beani,  or  the  hang- 
ers must  be  supported  by  meanH  of  bolts  through  the  tile  archer 
or  by  toggle-bolts  through  the  soffit  webs.  Such  supports  iirc 
very  uu(^atit*faetory  and  very  inflexible,  especially  tht^  latter 
methods. 

For  concrete  floorn,  one  type  of  hanger  sockets  in  u«ie  is  shown 
in  Fig.  346.  This  con^sistn  of  a  eutiting,  varying  in  length  with 
the  depth  of  the  slab,  tapjiod  at  the?  lower  orifice  for  the  receipt 
of  a  tap-bolt  with  washer  plate.  The  core  of  tlie  oasi  ing  is  made 
smaller  at.  thi*  ta[)pefl  end  than  at  top, 
so  there  will  bf  net  possibility  of  the 
binding  of  the  tap-screw  when  Bcrew- 
ing  in,  A  |-in.  diam.  cross  pin  or  rod, 
usually  12  in."^,  long,  passen  Irans- 
versely  through  a  cored  hole  in  the 
upper  end  of  the  casting,  and  lies  on 
tojt  of  the  reinforcing  rods. 

Hangers  which  depend  u|Jon  rein- 
forcing  rods  for  direct  8upix>rt  are 
not  good  practice  for  the  following 
rea,Hons: 

L   Toil   great   a   strain    is   placed 
locally  on  the  rods  which  are  near  the  lower  surface  of  the  slab. 
The  concrete  under  them  will  become  ItKJsenofl  from  (he  contin- 
uous pull  and  vibration  of  the  shafting. 

2.  It  m  unsafe  to  permit  direct  connection  between  reinforcing 
rodi^  and  the  fittings  or  machinery  of  rooms,  as  stray  electric 
currents  are  thereby  permiltetl  to  ent«r  the  rod  system.  It  has 
been  shown  that  direct  currents  are  dangerous  to  the  life  of 
reinforcc<l  concrete  when  they  are  allowT^d  to  reach  the  reinforc- 
ing system.  Inserts  or  hangers  should  therefore  be  designed  to  be 
supporter  1  indcfjc?nden(  ly,  t>r  inst dated. 

Boofs.  —  Mill  construction  roofs  tmd  also  the  advantages  and 
disadvantages  of  '\Saw-Tooth"  roofs  for  factory  buildings  are 
described  in  Chapter  IV. 

Brick  factories,  sheathed  buildings,  and  such  structures  as 
foundries,  machine  shops,  etc.,  have  generally  been  provide<l 
with  fiat  or  pitched  roofs  of  slate  or  tar  and  gravel  on  wood 
boarding  and  joints,  with  wood  or  steel  trusses;  but  disa;stKiMa 
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Fig.  .mo.  —  Shsiftinja;  Himjfprs  as 
UEJt'd  wilh  Concrete  FluarH. 
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firrw  have  either  partially  or  totally  destroj^ed  many  huiUlings  ( 
this  character.     An  instance  \vm  the  desitruction  of  the  found 
and  machine  shop,  etc.,  of  the  Brown  Hoisting  Machinery 
referre^i  to  in  Chapter  XXI.     Such  roofs  have  usually  been 
mosl^  unfit  and  dangerous  parts  of  the  builtiings. 

It  will  generally  be  poor  polieyp  from  the  standpoints  of  coDi 
iinuity  of  business,  in  sura  nee  and  depreciation,  to  provide  i 
comVjUBtible  roof  on  any  factory  building  unless  such  building 
IB  of  a  very  cheap  or  temporary  nature.  Fire-resisting  roofinga 
espeeially  Huiialile  for  Klieatlie<l  Htruclures  such  as  machine  shojxs, 
foundrie.^,  and  the  like,  arc  a.sbeKt.08  corrugated  sheathiag, 
asbestos  protect*^  metal,  and  **ferroinelave,"  as  described  in 
Chapters  VII  and  XXL  A  comparison  in  cost  between  the  usud 
tar  and  gravel  and  plank  roofing  on  roof  trusses,  and  a  ferroin 
clave  roofing  is  as  follows:* 

Ordinary  Tyne:           _           ,                  .  Per  Sgu^ 

Plank,  including  nailing  strips  on  purlins $6. 90 

Laying .  , 3.00 

Painting  under  side  of  plank  two  coats. 1 ,  75 

Tar  and  gravel  roof * . ,  .  4. 50 

Repairs  to  tar  and  gravel  roof  on  assumption 

that  life  Ls  ten  years ,      ^5 

Total HOO 


* '  Ferroi  n  c  1  a vc ' '  Roof : 

Ferroinclave  sheets,  ............. 

Fastening  clips .  .  . '. 

Laying  sheets .......... 

Cementing  u[iper  side.  ...... 

Cementing  under  side 

Waterproof  covering ............ 

Sunilricii,  freight,  superintendenee . 


Per  Square 
$8.50 


Total $21.00 


Similar  do ve-1  ailed  plate,H  for  roofing  (and  siding)  purposes  i 
the  '*Ferro~lithic''  steel  plates  made  by  the  Berger  Mfg.  Co. 

**Hy-Rifo,*'  made  by  the  Trussed  Concrete  8teel  Co.,  Detroit* 
is  also  used  for  the?  Bame  purposes.     This  is  virtually  a  form  < 
expandefl  metal  lathing  or  sheathing;  with  deep  stiffening  i 
at  intervals. 

Fire  curtains,  especially  acJvisable  in  machine  shops  or  facton^ 

•  From  Report  No.  Vll  ot    l&sumace    Engineoring   Experixoent  St« 
"Fire-rmatMUt  Roof  a  lor  roundnea  and  ^wAxm^  ^W^jiia." 
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containing  large  undivide*!  areas  covorerl  by  roof  trusses,  are 
described  in  Chapter  XXL 

Hollow  tile  and  concrete  roofs  are  also  described  in  CJhapter 
XXL 

Blg^Edltyi  —  AliHoluixj  rigidity  is  not  a  nenessity  in  most  kinds 
of  manufacturing.  Indeed^  the  old  millwrights  were  fff  the 
opinion  that  there  is  such  a  thing  ihs  too  much  rigidity  in  I  fie 
support  of  heavy  Khufting  and  inachineTy,  m^  nomv  types  of 
machines  wear  out  more  quiekly  when  held  absolutely  rigid.  On 
the  other  hand,  extreme  vibration  may  i^riou.sly  afTcct  operating 
charges  in  requiring  increased  power  —  and  the  co^t  of  maehin- 
ery  repair  or  maintenance  in  jiicreiising  the  wear  on  journals  and 
other  moving  parts. 

Concrete  interests  usually  \ii.y  much  stress  on  the  necessity  of 
absolute  rigidity  in  manufacturing  buildings,  but  the  examples 
eitwl  are  usually  extreme^  and  often  overdraxvn.  Wood  or  east- 
iron  columns  have  jirovi^l  sufficiently  rigid  and  entirely  suitable 
for  most  mills  and  factories.  For  occupancies  using  heavy 
rotating  presses,  etc.,  concrete  construction  is  undoubtedly  the 
bes^t  type.  Thus  in  the  building  of  the  Ketterlinus  Lithtjgraphic 
Mfg.  Co. J  Fourth  and  Arch  Ste.,  Phila.,  large  printing  and  litho- 
graphic preis»cs  ranging  from  twelve  to  twenty  tons  in  weight 
are  located  on  the  second,  third  and  fifth  floors  without  material 
vibration. 

TyrEB    OF    CoPfSTKUCTIO^. 

8teel-fraine,  Sheathed.  —  One-story  machine  shops,  fo«n- 
drieSj  wharf  buildingB,  etc.,  Iiavo  frequently  he(*n  designed  in  past- 
practice  with  a  steel  frame  covered  with  corrugated -iron  siding 
and  roofing.  Huch  construction  has  seldom  been  entirely  satis- 
faiitory,  owing  to  condensation,  rapid  deterioration  and  non- 
fire-TcsLsting  pro|3erties.  The  improvements  made  of  late  years 
in  the  manufacture  of  weather-  and  fire-resisting  materials  in- 
clude several  Bubstitute-s  which  are  far  preferable  to  corrugated- 
iron  from  many  standpoints,  and  which  will  prove  of  httle  aiJdetl 
cost  in  the  long  run.  8uch  materials  include  asbestos  corrugated- 
sheathing,  and  the  various  forms  of  dove-tailed  plates  and  ribbed 
metal  sheathing  to  receive  inside  and  out^jide  coats  of  plaster  — 
all  previously  describe<l.  Theie  are  all  well  suited  for  the 
sheathing  as  well  as  for  the  roofing  of  buildings  of  this  type, 
where  a  durable  fire-resisting  covering  ia  requireti  aX  \:w>\vt^^\ta- 
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lively  low  cost.     The  resultant  construct  ion,  however,  is  only 
partially  fire-resist  an  t^  in  that  the  steel  framework,  roof  tr 
ctL».,  arc  usually  unpr<>tw.*Lefiy  and  hence  suhject  to  rapid  do 
etruction  in  case  of  internal  fire  of  any  severity.     The  great  valu 
of  sheathings  of  this  character  Ues  in  their  ability  t«  withsta 
ordinary  exposure  hazard. 

Mill  Ciinslruetlon.  —  The  prinrriplrs  of  mill  C43nstruction,  as 
applied  to  various  lypes  of  mill  and  factory  builriiiiiajs,  and  cost 
data  of  such  construction,  have  been  described  in  some  detail  in 
Chiipter  1\'.  Attention  has  also  been  called  to  the  gradtial 
increase  m  cost  of  late  yi'txrs  of  the  best  examples  of  mill  con- 
struction, owing  to  the  increased  scarcity  of  yellow  pine  in 
large  rIzps,  while  the  cost  of  concrete  buildings,  owing  to  more 
economical  tlesign  and  erection  and  to  the  greatly  reduced  cost 
of  cement  products,  has  been  correspondingly  lowered.  Further 
comparative  data  as  to  the?  cost  of  mill  vk,  concrete  construct ion^ 
given  in  a  later  |jaragraph,  show,  however,  that  equality  in  cost 
bet  ween  these  two  types  of  construction  hits  not  yet  bcxni  reached, 
but  that  a  material  advantage  as  to  first  cost  stili  hea  with  mill 
construction. 

Aside  from  the  qtiestion  of  first  cost|  however,  several  very 
practical  matters  operate  tis  advantages  and  disadvantage^^ 
thiH  ty7>e  of  const  ruction. 

Aduardages. — Standard  '^slow-burning'*  construction,  when 
reinforced  with  suitable  protective  equipment,  hius  proved 
eminently  satisfactory  for  mill  and  factory  buildings.  Dis- 
astrous fires  in  approvetl  mill  conHtruetPfl  buildings  have  been 
extremely  rare.  One  of  the  Mutual  fire  insurance  companies  has 
estimated  that  a  regular  mill  cotistruction  building  is  liable  to  I 
burned  up  once  in  every  two  thousand  years. 

Againt  experience  has  shown  that  the  greatest  fire  hazard  i 
mills,  etc.,  is  not  dependent  so  much  upon  the  character  of  th 
building  as  upon  the  machinery,  con  ten  ti^  and  methods  of  han-" 
dling  or  manufact  ure. 

As  regards  the  ciL'^y  attachment  of  shafting,  hangers,  etc.,  milf 
construction  [JOHsesses  a  decided  advantage  over  all  other  lypm, 
while  the  wood  floors  invariably  j^rovided  are  iisuaUy  considered 
preferable  from  the  standtjoint  of  comfort. 

As  regards  vibration,  mill  construction  is  also  generally  satia 
factory^  as  witness  its  extended  use  for  large  textile  mills, 
Kxtreme  ea^es,   invo\v\ni£  lictivy  pie^sea  ^t  tsiwiViMiea,  rotating 
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af.  hij^li  spp^rl,  nmy  make  concrete  conBtniction  ajclvieuble.     See 
former  pitragrtiph  "  Rigidity. " 

DimidmmlagiS.  —  Recent  experience  tends  to  show  that,  even 
if  soH^alled  'iong-Jeafed  Georgia  jjiiie^'  may  now  be  obtaiufM  in 
the  market,  no  reannnable  assurance  may  bo  ha^l  that  such  timber 
is  not  an  inferior  variety  of  Cuban  or  loblolly  pine,  which  is  par- 
ticularly subject  to  tlie  fungust  which  causes  dry  rot.  (Compare 
with  paragraph  "Dry  Rot  in  TiinfxTs/'  Chapter  IV,  pago  98J 
Thin  aclion  of  dr}*  rot  on  inferior  giadt^  of  yellow  pine  has 
recently  caused  the  Canadian  .Spool  C*otton  Co.^  at  MaJHonneuvep 
Que.,  to  replace  the  entire  wootlen  frame  of  their  mill  with  steel, 
aUhoygh  the  mill  was  built  less  than  four  years  ago. 

Investigation  showetl  that  the  beamf^  attacked  by  dry  rot 
were  in  almost  ever>^  ca.^0  not  ionj^-leafcd  Georgia  pine  at  all,  as 
specified  by  the  architect  in  the  original  construction,  but  Cuban 
or  loblolly  ]>inc. 

Such  occurrences^  as  this  bring  definitely  home  to  the  engi- 
neer that  the  long-predicted  exhaustion  of  the  timber  supply  is 
no  longer  in  the  future,  but  in  the  pre^sent,. 

Timber  is  still  obtainable  in  the  market,  but  it  is  of  a  quality 
very  different  from  that  which  was  formerly  available,  and  is  ton 
often  kicking  in  reliability,* 

The  heavy  close-grained  "long-leafed  Georgia  pine/'  which 
is  heavier  and  stronger  than  the  other  varieties,  is  fast  disappear- 
ing in  the  large  siKCS.  This  iw  uruivoidable,  and  must  be  taken 
into  careful  consideration  in  selecting  stock  for  buildings  of  .slow- 
burning  mill  construction  in  the  present  ami  future.  It  is  prob- 
able that  poor  grades  of  timber  can  and  in  the  future  will  have 
to  be  used  in  structures.  A  light  piece  of  timber  is  weaker  than 
a  heavy  piece  in  approximately  (he  proportion  of  their  respective 
weights,  but  this  can  be  allowed  for  in  desij^iing  so  that  ample 
strength  and  stiffness  is  obtained  from  the  poorer  material. 
Light  and  porous  timber  is  suscepliblc  to  fungus  growth,  par- 
ticularly in  rooms  subject  to  moisture  and  low  t  emperal  ures. 
There  ia  no  c^u edition  of  the  danger  of  using  such  timber  without 
previous  antist^ptic  treatment.! 

Even  aside  from  such  unusual  rapid  deterioration  as  is  noted 
above,  mill  construction  is  subject  to  greater  depreciation  than 
masonry  const  rue t  ion . 

8teel-frame  Factorle^i.  —  Buiklings  with  a  steei  frame  and 
fire-resisting  floors  and  roofs,  w^hether  with  load-support  tug  or 
veneer  exterior  walls,  have  been  considered  in  detail  in  previous 

*  KcIiloFLut,  Enipnrrrino  ffews,  Decprnber  21,  191  L 

t  Sep  "  llapid  Destruction  of  Timber  Beatoa  from  Dry  Rot,"  Er/jinfteriifMi 
News,  December  2L  ll^ll. 
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chapters.  As  pjirticularly  applii?<l  to  mill  or  factory  biiildiDg 
the  advantages  and  disadvantages  of  this  type  of  constmctio 
may  be  briefly  summarized  svy  follows: 

Advantages  include  thoroughly  fire-res isling  nonstruction,  and 
of  a  type  whirhj  when  properly  built,  will  require  a  minimuni 
reconstruction  after  damage  by  fire;  comfortable  wood  floors; 
larger  bays  than  are  economical  in  other  construct ionsj  thus 
reducing  the  number  of  colunnis. 

Disadvaniages  include  the  difficulty  of  rendering  floors  water- 
tight; difficulties  in  attaching?  and  changing  shafting  hangers, 
etc.;  excessive  width  of  wall  piers*  thus  reducing  available  hght 
areas,  unless  supi>orting  cast-iron  or  steel  columns  are  used  in 
exterior  walls;  excessive  cost. 

If,  however,  the  budding  is  to  be  built  during  the  winter 
months,  and  if  the  time  of  occupancy  is  an  important  coDsidern- 
tion,  the  excess  cost  of  steel^frame  over  reinforced  concrete 
construction  may  be  more  apparent  than  real. 

Belnforceil  Concrete  Factories.  —  General  types  of  coi 
Crete  construction  have  been  described  in  previous  chapters. 
Attention  will,  therefore,  be  confineii  here  to  a  brief  statement  nf 
the  advantages  and  disadvantages  of  this  type  of  construction 
as  appUed  to  mill  or  factory  buildings. 

Advantages  include  good  hght,  injismuch  as  the  walls  usually 
consist  of  columns  only,  with  low  spandrel  walls,  — ease  of  making 
floors  waterproof,  —  low  depreciation  and  insurance  rates,  — and 
generally  lowest  cost  for  thoroughly  hre-resisting  construction. 

Disadvantages  include  the  time  necessary  for  construction  in 
bad  weather,  —  the  difficulty  of  protecting  the  work  and  of 
securing  first-class  workmanship  in  bad  or  freezing  weather^  — 
discomfort,  dusting  and  difficulty  of  repairing  floors  w^hen  of 
concrete  finish,  —  unsatisfactory  provisions  for  attachment  and 
changing  of  shafting  hangers,  etc.,  —  cold  roofs,  —  and  difficulty 
of  reconstruction  after  fire,  as  explained  in  Chapter  XVIII 
page  621.  The  latter  feature  may  count  very  much  again 
concrete  construction  where  the  occupancy  is  such  that  tt 
building  is  subject  to  frequent  fires. 

Combination  Concrete  and  Mill  Construction.*  — 

This  type  of  construction  may  be  briefly  described  as  co 
Slating  of  a  skeleton  frame  of  reinforced  concrete  (that  is,  the" 


*  The  coDJitruotiun  here  deacidbfed  \fl  p&Uuted  by  Fruiicia  W.  Wilaon,  Cqi^ 


FACTORIES 

oolumns,  girders  and  bearaa)  with  floors  of  hiivd  pine  j>larik 
apanning  from  beam  to  beam,  and  with  curtain  wails  of  brick  or 
concrete,  as  may  be  desireti.  ...  Ho  far  as  the  wall  cons  try  ( (ion 
iH  conccrnnfl,  this  present^s  no  novel  fcutureH,  bnt  is  exactly  similar 
to  the  wall  constrnction  generally  used  for  concrete  factory  Imild- 
ings.  The  construction  of  the  tloor.H,  however,  is  concefJed  to  be 
unique  not  only  in  the  matter  of  combining  a  plank  flooring  with 
concrete  beams  and  girders,  but  largely  beeauae  the  beams  and 
girdera  themselves  are  of  T-aections,     Some  of  the  minor  detaili 
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Meialoxc^a  Concrete  Beam 
Fig.  347*  —  Corabi nation  Concrete  and  Mill  Conatruption 

of  the  construction  macJe  necesaary  in  accomplishing  this  result 
EU-e  also  of  interest. 

Fig.  347  shows  a  portion  of  a  floor  construction  of  this  type 
as  c^^nst^ucted  in  the  Fore  River  Shipbuilding  Company's  office 
building.  It  will  be  noted  that  the  construction  shows  a  series  of 
rectangular  openings  which  are  bordered  with  hard  pine  (3  X  fl 
ins,  in  .^ize).  The  hard  pine  framing  of  these  rectangular-shapeti 
borders  acts  as  spiking  pieces  to  which  the  floor  planks  are  nailed. 

Fig,  MH  shows  a  cross-section  through  a  reinfnrced-concrete 
beam,  and  the  relative  ptisition  of  the  hard  jiine  spiking  pieces 
are  there  clearly  shown.  It  will  be  noted  that  the  spiking  pieces 
project  above  the  top  of  the  coTtcrete  T  of  the  beam  (usually 
2  ins.),  and  that  this  space  is  fillt'd  with  cinder  concrete.  The 
object  of  this  is  txj  afford  a  bearing  for  the  planking  entirely  across 
the  top  of  the  T  of  the  concrete  beam^.     Tliis  cviuW  Kl\\%  tm\&\\t^ 
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about  S  in,  liiKhfr  llian  the  tops  of  thi^.^pikin^  piwes,  so  that  wl 
it  is  n*^ft'ssjirv  to  naii  tlie  isliiiikin^  Ut  Ikt^  t^pikifj|^  pieces,  yet  itia 
not  the  intention  to  have  tlie  .^piking  pieces  actually  carrj^inK  the 
[ami  of  the  floor.  AnothcM^  retuson  why  the  t/>ps  of  the  .spikinf 
pieces  are  plaeeil  ao  that  theii'  tops  are  practically  2  ins.  higher 
than  the  tops  of  the  concrete  teea  is  thtit  it  is  difficult  to  construct 
the  concrete  work  so  t  hat  the  concrete  tops  of  the  T'e  would  be 
perfectly  kn^el  after  the  concreting  is  completed.  With  thii 
arranj!;ement  it  is  not  necessary  that  great  exactaess  in  the  con- 
crete levels  should  he  required,  nincc*  the  tops  of  the  Hpiking  pieces 
can  afterwards  be  planed  or  adzed  down  to  true  levels  before  the 
plank  is  hiid. 

The  spiking  pieces  are  seeiu*ed  to  the  sides  of  the  conerfte 
T's  by  bolts  which  pass  tlirough  gas  pipe  sleeves,  the  latter  being 
concreted  into  the  T's.  The  spiking  pieces  are  used  as  a  part  of 
the  concrete  forniK,  acting  hh  a  dam  fur  the  ctoncrete  at  the  aides 
of  the  T's.     The  gas  pipe  separators  and  the  bolts  connecting  the 
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spiking  pieces  to  the  concrete  T'e  are  all  placed  before  concreti 
is  commenced.     This  arrangement  makes  it  possible  to  remo 
or  replace  a  bolt  or  any  of  the  spiking  pieces  at  any  time,  if  it 
should  become  desirable. 

In  order  to  strengthen  the  concrete  T's  and  to  provide  for 
possible  concentrated  loads  acting  at  tlieir  outer  etlgi^,  tiie  Ts 
are  reinforced  with  steel  bars, both  transversely  and  longitudinally, 
the  short  transverse  bars  being  bent  dowti  at  each  eml. 

Fig.  IH9  shows  a  perspective  view  of  the  corner  of  a  room 
in  which  the  plank  floor  connection  to  the  concrete  beams  and 
girders  is  clearly  shown.  The  girders  in  the  walls  support  their 
proportionate  part  of  tlie  floor  loads  and  the  curtain  walls  and 
windows.  .  .  . 

The  economy  of  this  construction  is  due  to  several  causes; 

(1)  The  lighter  dead  weight  of  the  floor  construction  requ 
hig  for  the  same  strength  less  reinforcing  steel. 

(2)  Less  form  lumber,  as  will  be  obvious  from  even  at. 
study  of  the  construelbn.  PeTmils  standardizatioo  of  the  fa 
and  renders  the  ereclion  ^vA  nimo\ai  ^^a^j  azasX  vj^tk. 
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(3)  All  the  et^onomy  rcaulting  from  curtain  wall  conatnjrtion 
as  eompan^d  to  heai  inji^  walls  is  i^-cured  by  I  liis  type  of  construct  ion. 

(4)  A  ftavins  of  Uiije,  since  tho  frame  is  quickly  ert'Ctciip  tiJid 
wheQ  this  ia  done  it  m  possible  to  eorainenco  work  on  all  parts  of 
the  structure  simultaneously,  as,  for  example,  laying  brick,  laying 
floors,  roofing,  setting  window  frames,  plumbing,  heating,  etc.* 

Wliile  not  thoroughly  fire-resisting,  still  the  construction  de- 
scribed above  possesses  decided  advantages  na  a  compromise 
type  of  low  cost.     If  automatic  sprinklers  are  installed,  the  fire 
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hazard  will  be  comparatively  slight,  especially  if  one  of  the  types 
of  metal  windows  is  employed. 

A  serious  objection  in  long  rooms  might  well  occur  through  the 
end  shrinkage  of  the  floor  planking,  which  would  tend  to  pull 
the  spiking  pieces  away  from  the  wall  girders,  and  even  to  crack 
intermediate  girders. 

Comparative  Costs.  — 

Mill  Constradiofi.  —  For  costs,  see  Chapter  IV,  page  100,  etc. 

Steel  Frame,  Sheathed*  —  "  Roughly  speaking,  the  cost  of  one- 
I  Btory  iron  building^j  complete,  is,  for  sheds  and  storage  houses, 

*  See  "A  Timber  Flour  CoQstruc* ioti  for  Reinforced  Coni'Tftte  ¥?kttox'^ 
'  Buildingd/'  by  Francia  W.  WiJuoDt  Enffineerinu  iVema,  April  11  y  \%\\. 
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40  to  60  cents  per  isquare  fcx>1  of  p^oimrlp  and  for  sueh  build  in 
as  machinp  shops,  foyiidries  and  eJertric  light  plants,  that 
provided  with  traveling  cranes^  the  eo^t  is  from  (50  to  90  cents  [ 
square  foot  of  ground  covered."*     ThiH  is  for  buildings  aheathd 
with  wood  or  corrugatwl-iron,  hr^nce  to  these  prices  should  be' 
added  the  oxcefis  cost  of  the  fin^-resiBt  ing  sheathing  used. 

Reinforced  Cmicrete.  —  *'As  a  general  proposition,  it  may  I 
stated  that  theeost  of  reinforced  concrete  factories,  finished  cofl 
plete  with  heating,  hghting,  plumbing  and  elevators^  but  witi 
out  machinery,  may  run,  under  actual  conditions,  from  S  ven 
per  cubic  foot  of  total  volume  metusured  from  footings  to  roof, 
12  cents  per  cubic  foot.  The  former  price  may  apply  where  the  ' 
building  is  erected  aim  ply  for  factory  jiur  poses  with  uniform  floor 
loading,  s^mimetrical  design  —  permitting  the  forms  to  be  used 
over  and  over  again  —  and  with  materials  at  motlerate  prices, 
The  higher  price  will  usually  cover  euch  a  manufacturing  build- 
ing i4S  the  Ketterlinus,  located  in  a  restricted  district,  and  where 
the  appearance  both  of  the  exterior  and  interior  must  be  plcn^ 
ing.  This  does  not  include  in  either  case  interior  plastering  or 
partitions."! 

Combination  Coricreiii  and  Mill  Ctmstruclion.  —  The  office 
building  of  the  Fore  River  Shipbuilding  Co.,  built  of  the  com- 
bination type  prfniously  dtwcribcd,  is  four  stories  and  basement, 
6f>  X  112  ft.,  with  an  ell  17  X  32  feet.  The  cost  was  9.2  cents  pt^r 
cubic  foot  including  equipment*  Ordinary  factory  fini.sli  would 
have  cost  conwideral>ly  less. 

The  new  factory  for  C^.  W»  Dean  &  Co.,  at  Natick,  Mass.,  also 
buiit  under  the  ^'Wilson  System,"  includes  a  five-story  building 
60X300  ft.,  with  an  L  for  elevators  and  stairs  on  both  front  and 
rear.  Including  an  adjoining  one-story  office  building,  the  cost 
was  7.6  cents  per  cubic  foot.  The  lowest  price  received  for  al^j 
concrete  construction  wtis  $24,000  higher  than  the  contr 
price. 

MUl  Cojiatrnciion  vs.  Concrete.  —  Mr.  Charles  T.  Main,  in  1 
article  on  mill  construction  costs^  quoted  in  Chapter  TV,  .stall 
that: 

From  sue!i  estimates  and  proposals  as  I  have  been  able  to  | 
get  and  from  work  done  it  appears  that  the  cost  of  reinfon 

♦  Kldder^B  ^^\rchitecta'  and  Builders'  Pocket  Book/*  page  t467. 
t  "Reinforced    Concrete   in  ¥tif!\fjTV   CCQu&ttuction.,"    publlBbed    by  Ai[ 
PoHla-ad  CemeDt  Company* 
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concrt»te  buildings  designed  to  carry  floor  loads  of  100  lbs.  per 
sq.  ft.  or  Icsri  wdtikl  costr  about  25  per  tioni.  more  1  han  the  Blow- 
burning  type  of  iniii  construct  ion. 

Mr.  Walter  F,  Ballinger*  staters  that,  as  a  rule,  concrete  eon- 
strtiction  costs  10  lo  15  cents  per  square  fotit  of  floor  siu*face  more 
than  mill  construction ,  The  cost  would  be  al>out  equal  if  the 
form-  or  false-work  for  concrete  construction  could  h(»  ehrninatedi 
but  in  some  cases,  if  the  local  ion  is  convenient  to  a  railroad  siding, 
and  if  the  maleriali*  necessary  in  concrete  construction  are  easily 
available,  the  latter  may  be  as  cheap  as  mill  construction. 

Mr.  J.  P.  H.  Perry  t  quotes  fourteen  examples  of  comparative 
costs  between  mill  construction  and  concrete  factories,  etc.  Of 
these,  eleven  were  actual  bids  on  both  types.  The  mean  excess 
cost  of  reinforced  concrete  over  mill  construction  was  6.7  per  cent. 

Steel  Frame  and  Terra-coitn  r.s\  Conerete.  —  As  between  con- 
crete construction  and  stcx'l  frame  with  terra-cot ta,  the  cost  is 
usually  25  per  cent,  less  for  reinforced  concrete  than  for  a  steel 
frame  fir  ep  roofed  with  terra-cot  ta,  Tlie  difference  in  cost  is 
represented  principally  by  the  savinR  in  steel,  there  bein^  approxi- 
mately one-third  the  tonnage  of  steel  used  in  reinforced  concrete 
of  that  used  in  full  steel  construction.! 

From  fifteen  comparisons  quoted  by  ^Ir.  Perry,  most  of  which 
were  actual  bitie  submitted  for  both  types,  the  mean  excess  cost 
of  protected  steel  buildings  over  reinforced  concrete  was  6.4  per 
cent. 

Depreciation*  —  The  annual  depreciation  of  a  mill  building 
is  given  by  Kidder  as  varying  from  one  to  one  and  one-half  per 
cent,,  whilt?  Matheson*B  "Depreciation  on  Factories"  presents 
data,  based  on  a  comprehensive  study  of  English  factory  buildings, 
which  indicate  lha[  Mt  the  end  of  tlurty  years  the  value  of  a 
factory  building  costing  $5D,(XJ()  would  be  131,775.  This  repre- 
sents a  depreciation  of  36.4  per  cent.,  or  1/2  per  cent,  annually. 

There  is  little  question  that  the  least  depreciation  for  any  of 
the  types  of  construction  here  considered  would  result  from 
reinforced  concrete.  For  such  buildings  the  annual  deprecia- 
tion should  be  very  small,  and  confined  entirely  to  such  items  of 
trim  as  window^s,  doors,  roofing,  etc, 

*  See  "^  1909  Prti(.t'«?dinjB;5i  of  National  Fire  Protertion  Aaftoriation/* 

t  "Comparative  Cost  atid  Mainicnttnot'  of  Various  Type?!  of  Buildiui?  Con- 

ttructxon/'  in  "'  1911  ProceedinRa  of  National  Association  of  Cement  Usera." 
t  Walter  F.  Bollioger  in  "1901*  ProceediuffS  of  NatiooAl  Fii^  1?t.^\tiR!uknnx 

Aaaoclatioa." 
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Fire  Pkotection  and  Safety  of  Employees. 


Business  Interests.  —  Tho  goDrraJ  prinriplos  of  fire-resisting 
design ^  as  eininieriileil  and  discafisfd  in  Chapter  IX,  are  receiving 
constancy  increitsing  hI  lent  ion  from  those  arclatenl^,  mjll-  and 
induslrial-criRineors  who  are  called  upon  to  design  and  construct 
manufacturing  plants.  It  is  probable  that,  if  complete  building 
etatistict*  coukl  be  seeured  coverix^g  t he  pjist  five  years,  the  great- 
est proportional  innrefise  in  firtMcsiKtJnp;  buildingn^  class  by  class, 
would  be  found  in  factories  or  buildings  devoted  to  manufacture* 
The  reason  Is  not  difficult  to  understand.  The  progressive 
manufacturer  now^  knows  that  the  calamity  of  fire,  heretofore 
classed  with  6(rike«  and  tornadoes  im  ''acts  of  God/'  is  often 
nothing  but  carelessness,  usually  preventable,  and  always  disas- 
trous to  business  interests.  Insiuance,  as  has  previously  been 
pointed  out,  cannot  compensate  for  the  time  lost  m  renewal  of 
plant  and  mat^hinery,  for  the  hjss  of  work  in  hand,  for  the  loss 
of  new  orders,  and,  frequently,  for  the  loss  of  old  customers. 
Successful  business  therefore  requires  continuity  of  manufacUj] 
and  production,  and  a  large  factor  in  securing  thi.s  is  to  have 
thoroughly  well  {lesigned  and  pTOtected  building.  This  may  be 
secured  partly  by  means  of  construction  as  heretofore  described, 
partly  by  means  of  tire-protection  equipment,  or  more  largely 
by  both  construction  and  equipment. 

Equipment*  —  The  extent  or  amount  of  fire-protection  equi^ 
ment  required  in  factories  and  similar  buildings  is  a  matter  of 
good  judgment  for  each  particular  case,  but,  in  general,  it  may  I 
stated  that  automatic  sprinklers  should  invariably  be  inslalla 
where  wood  roofs  or  floors  are  u.scd,  wdiere  the  building  c<)i 
tains  Buflicicnt  combustible  contents  to  cause  a  fire   of  son 
magnitude,    where  particularly  dangerous  stocks    or    proce 
are  hou&ed,    or  where  large  numbers   of   employees   handle 
manufacture  combustible  products,  especially  if  iu  upper  storie 

Contents,   machinery,   stock  in   process,   and   tinished   goods 
usually  eonstiluto  by  far  the  larger  part  of  the  plant  value,  i 
these  cannot  lie  protected,  wdiatever  the  construction  of  buildin 
except  by  soiUe   means   of   equipment*     Plence,   although   the' 
Factory  Mutual   Companies  do   not   always  requii'e   sprinkler 
equi[>mpnt    in  ordinary   concrete   factories,  such   equipment  is 
both  desijable  and  chcavjeat  in  the  long  run  where  macfunery^ 
or  stock- values  are  large.     Bvil  Ib^^Ukv^s?*  vj\  ?iK^wia.rd  mill 
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slow-burning  ronBl ruction,  if  proyidefl  with  sprinkkrs  and  iif  lipr 
suitable  Vapparat us,  may  uhtaiii  brtter  int4umn(*e  mt.(\s  than 
unprotet^ted  fire-rf?iis(  iug  buiJdiugr^,  as  k  fir>iiil,ed  out  iu  a  follow- 
iug  paragraph,  ''  luBuranct*/' 

From  figurpa  compiled  by  the  (leueral  Fire  Extinguisher 
Company  it.  is  shown  that  before  thn  rnorp  general  introduction 
of  aulonmtic  sprinklors  in  factories^  the  a\'erage  cost  per  fire  was 
$7361,  while  under  autromatic  sprinkler  protection  the  average 
cost  per  fire  in  13,470  cases  covered  by  their  records  amounted 
to  but  $277.2(i  each.* 

For  factories  containing  but  light  hazards,  fire  buckets  or 
chemical  extingujHhor.H  Kfiould  b(^  pruvided,  as  deficrihe<l  in 
Chapter  XXXIL  In  factorii?s  of  three  or  more  stories,  a  stand- 
pipe  system  is  desirable  —  see  Chapter  XXXIV. 

These  should  be  placed  in  the  main  stair  towers,  or  al  any 
rate  on  the  o[iposite  side  of  the  wall  from  tlie  rooms  or  buildings 
they  are  designed  to  protect.  VV^here  buildings  are  near  enough 
to  each  other  for  the  roofs  lo  afford  vatiiage  poinlj^  for  use  of 
hose  streams,  standpipes  should  be  extended  to  supply  roof 
hydrant^s.  In  factories  ha\dng  loose  combustible  stock  in  process, 
an  equipment  of  small  linen  hose  on  each  floor  is  invaluable.  It 
is  best  to  supply  this  from  an  independent  system  of  small  pipes. 
It  may  then  be  available  in  case  water  is  temporarily  slnit  off 
the  sprinklerBj  or  in  final  exi  ingiiishment  of  smouldering  sparks 
after  sprinklers  have  been  shut  off,  to  save  excessive  water  dam- 
age.t 

For  large  plants*  involving  several  or  many  buildings,  a  private 
fire  department  is  often  desirable,  }is  described  In  Chapter  XXXV. 

Management.  —  Mr.  F.  M.  Griswold  who,  through  his  con- 
nection with  insurance  interests,  has  had  a  wide  exijerience  in  fire 
prevention  matters,  has  stated  thai,  whatever  the  coixsl ruction 
of  a  factory  or  manufacluring  builrling,  or  the  nature  of  its 
occupancy,  or  the  completeness  nf  its  fire  protection,  shop  managc- 
nient  or  '^good  housekeeping"  is  the  most  important  basic 
element  in  fire  prevention,  the  acceptable  practic-e  of  which 
requires  the  following: 

The  enforcement  of  rules  which  will  insure  cleanliness 
througliout  the  plant  as  a  matter  of  daily  practice,  not  only  as 
a  means  by  which  the  possibility  of  fire  may  be  avoided,  but  as 
of  profit. 

♦  See  "Fire  Prevention  and  Fire  Protuction  for  Manufacturing  Plants,*' 
by  F-  M.  Griswold,  G.  L 
^  t  "FiMJtoriea  and  thoir  Fire  Protection,"  FraokVm  H*  WexLVwoi\)cx. 
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{(i)  Floor    sweepings,     greasy    lunrh     papers,     oily    wip 
wast**,  paint,  raps  and  like  material,  subject  to  spontaneous  ig 
lion,  should  be  depoHitod  in  '8tandtird  *  safety  cans  suitable  U 
their  recejitirm,  the  contents  of  which  ishould  be  safely  disi 
of  eaeh  night,  preferably  to  be  burned  under  the  boiler. 

Ashei^i  should  be  kept  only  in  metal  rei'eptacles;  should 
removed  from  budding  each  nigld  and  not  be  deposited  in  cont 
with  combust.ihle  structures  or  material. 

(h)  Workingmen^s  clothes  and  overall^,  when   not    in  ui 
should  be  kept  in  vent  ilated  metal  closets  or  lockers  not  in  cont^ici 
with  readily  combuslible  material 

(c)  Oily  metal  turntiigij  or  filings  should  not  be  permtttodi 
to  accumulate  on  wooden  floors  or  be  held  in  combustible 
ceptacles,  nor  should  they  be  mixed  with  eombustible  materia] 

(d)  AU  combustible  process  waste  and  other  refuse  shod 
be  carefully  disposed  of  by  removal  from  the  buildmgs  at  the  cL 
of  each  day's  work,  anil  be  aafely  deposited  in  locations  oot 
dangering  the  plant  in  case  of  ignition  of  such  refuj^e. 

(e)  Time  should  be  allotted    to    operatives    for    cleanii 
tnachtnery  and  disposing  of  oily  wiping  waste,  and  for  the 
moval  of  combustible  waste  material  prior  to  hour  of  closing  sh* 
for  the  day, 

(/)  All  volatile  and  inflammable  fluids  should  be  kept  u 
and  usiid  from  'Standard'  Hiifety  can.s;  not  in  excess  of^oo 
day's  supply  of  such  should  be  kept  inside  of  building  at  anj 
time,  and  all  unused  portions  should  be  removed  to  a  pbioe 
safety  outside  of  the  jjlunt  at  the  close  of  the  days  work.  .  .  , 

{m)  Watchman's  service  should  be  main  tamed  at  all  timi 
when  the  plant  is  not  in  operation,  and  tlie  record  of  servn'ce 
j^hown  on  such  mechanical  device  as  will  not  permit  evasion 
duty;   records  slioidd  be  ejcainined  and  checked  over,  filed  and 
dated  each  day. 

in)  Discipline  should    be  enforced  and    system    be  m; 
tained  by  holding  shop  foreman  or  floor  boss  strictly  respMusib 
for  the  maintenance  of  established  conditions,  a  wTitten  repoi 
covering  these  matters  to  be  filtd  with  manager  each  day. 

Insurance.  —  The  correction  of  structural  deficiencies 
the  installation  of  fire  protection  equipment  have  been  shown  (s< 
Chapter  III,  page  63)  to  effect  most   vitally   the  question 
insurance  rates  in  buildings  of  considerable  value  and  eoniainingl 
valuable   contents.     Such    factors   bear   the   same   relation 
insurance  rates  in  mill  and  factory  buddings,  and  the  importa 
of  this  relation  increases  with  the  value  of  the  plant  and  i 
contents.     Whatever  the  causes,  high  rates  of  insurance  act  . 
fixed  charges,  and  possible  reductions  in  same  ai'e,  therefore, ' 
worth  investigation. 

It  will  be  found  that  higli  insurance  rates  usually  result  fn 
two  principal  causes,  exactly  as  in  the  case  discussed  in  Chtip 


FACTORIES 


809 


ter  in,  m2.,  atrurtiira!  defit'iencies,  and  lack  of  fire  protection 
equipment.  Thus  the  Committee  on  Insurance  of  tin?  National 
Association  of  Cement  Utser^*  found  that  the  foUowinp;  require- 
ments for  factories,  etc,  have  been  most  emphasized  by  the 
Rating  Associations:  Cut-ofT  wails,  with  automatically  closing 
doon?j  —  cutting  off  vertical  openings,  —  watertight  floors,  — 
sprinlfler  equipment,  —  fire-fighting  appar^itua  independent  of 
city  or  town  fire  department,  — and  fire  alarm  system.  It  will 
be  noted  tliat  none  of  tlit^e  struetural  or  protective  defieiencieH 
coneerns  the  type  of  conHtruetion,  per  se^  although  many  of  tho^te 
who  are  cngagtnl  in  exploiting  concrete  construction  for  factory 
building;^,  etc.^  lay  great  stress  on  the  decreased  insurance  rates 
to  be  secured  through  the  adoption  of  that  type  of  buildings 

As  a  matter  of  fact,  it  will  be  found  that  the  type  of  construction 
will  make  little  difference  in  insurance  coats,  for  tiie  following 

1.  The  value  of  contents  is  usually  far  greater  than  the  value 
of  building. 

2.  The  value  and  character  of  contents,  rather  than  the  ly^e 
of  construction,  will  usually  determine  tlie  amount  of  fire  pro- 
tection necessary. 

3.  Any  possjiible  saving  in  insurance  rates  which  migiit  be 
effected  by  the  use  of  concrete  construction  would  be  very  small, 
as  compared  with  the  total,  for  the  reasons  that  practically  all 
fire  losses  today  in  rnill.H  or  factories  of  standard  construction  are 
confined  to  contents,  and  in.surancc  rates  are  made  accord ingly» 

Hence  the  decision  as  to  whether  standard  slow-burning  con- 
struction or  reinforced  concrete  is  preferable  for  use  in  any 
particular  case  is  dependent  upon  considerations  other  than  the 
coat  of  insurance. 

Safety  of  Employees.  —  The  principles  of  fire-resisting  design 
and  construction  enunciated  in  this  and  previous  chapters, 
sliould,  if  intelligently  carried  out,  amply  provide  for  the  safety 
of  employees  in  ease  of  fire,  in  .so  far  as  most  factories  are  con- 
cerned; but  special  safeguards  ai-e  ne(!essary  where  dangerous 
processes  of  manufacture  are  followed,  —  where  the  number  of 
en^iployees  is  large,  —  where  most  of  the  operatives  are  girls  or 
women,  — and  where  the  buikling  is  over  two  stories  high.  In 
such  cases  an  added  responsibiUty  of  great  weight  rests  on  the 


♦  See  "1911  PruoscdiDAs  of  tbe  NatioQ^al  Aaaoc'iutlon  ui  C^meiiL  \i«et%" 
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management,  and  no  pains  or  reasonable  expense  shoulii  be 
spared  to  make  the  conilitioni?  as  safe  as  may  he  praeticable. 

Addeil  safeguards  m  such  eases  should  invfiriably  include 
am  I  lie  and  safe  means  of  egre^,  fire  alarm  s^^stem,  anil  fire  drills. 
Ako,  if  design  and  construction^  or  either  uf  them,  are  inadequate 
in  any  vital  particulars,  then  the  third  element  of  fire  protection, 
namely,  equipment,  sliould  be  given  increased  attention. 

Another  point  wortiiy  of  especial  emphasis  is  the  occupatioa 
for  factory  purposes  of  premwea  never  tl eloigned  or  intended  for 
such  uses,*  A  case  in  point  wan  the  "Triangle**  shirt-WiUit 
factory  tire,  described  in  Cha|)ier  VI,  Tlw  building  was  in* 
tended  for  loft  purponet^  only,  but  (he  i3rowding  of  the  upper  floore 
with  hundre<l!S  of  employees,  mostly  women  and  girls,  re^uiteil 
in  such  a  fearful  loss  of  Ufo  tliat  the  coroner's  jury,  composed  of 
uimsually  able  men,  inchidinj^  architects,  engineers  and  builde-TSf, 
brouglit  in  a  verdict  which  contained  the  folio  wing  references  to 
some  of  the  safeguards  enumerated  above. 

Legislation  cannot  eliminate  all  lass  of  life  by  fire  or  by 
panic,  but  properly  enforce*  1  laws  can  certainly  lessen  the  loss 
of  life  from  these  causes.  The  e\'idence  submitted  to  this  jury 
shows  that  there  were  employed  on  the  eighth,  ninth  and  tenth 
floors  of  said  premises  about  50()  persons,  of  whom  about  80  jmt 
cent  were  females  and  of  whom  about  235  were  employed  on  the 
ninth  Hoor,  where  nearly  all  the  lo&s  of  life  by  smoke  and  flames 
occurred. 

We  are  convinced  by  the  e^-idence  that  not  only  hatJ  no 
attention  been  given  to  and  no  means  provided  for  the  hast^^  exit 
of  those  emjiloycd  in  said  premises,  but  on  the  contrary  theif 
eafety  had  been  utterly  disregarded. 

We  find  that  one  of  the  tables  to  which  the  machines  were 
attachrd  at  which  the  employees  worked  was  7t>  ft.  lung,  that  it 
extended  from  within  13 J  ins,  of  the  front  wall  at  one  end  to 
within  16  his.  of  a  partition  at  the  other  cnd^  thus  leaving  only 
two  passageways^  one  of  about  13{  ins.  and  one  of  16  ins.,  through 
whicli  said  employees  were  obligeti  to  pass  to  reach  the  stairs  and 
elevators. 

The  foregoing  is  a  contlition  that  certainly  should  not  ob- 
tain. If  there  is  any  law  that  permits  it,  it  should  be  innuediately 
rejiealed.  If  there  is  no  law  governing  it  such  a  law  should  fit 
once  be  enacted  which  wdll  prohibit  such  a  condition,  and  the 
Jaw  should  be  so  framed  that  its  enforcement  should  rest  upon 
onr  single  de|>artment  of  the  city  government.  There  ahould 
be  no  divide<l  responsibility. 

It  is  the  opinion  of  this  jury  thai  all  firt^  escapes  should 
be  regularly  inspwted  liy  lli<^  lire  Departincnt  and  when  such 

"-       *  See  pafAgraph  **  Liiuitallun  uf  Occupancy. "  Chapter  IX*  pagfi  29V). 
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inspection  reveals  non-conformity  with  the  law  it  should  be 
immediatolv  re[>orted  in  writing  to  the  Bureau  of  BuiidiiigM, 
which  shall  at  once  order  the  ovvru'r  of  the  building  on  which 
said  hrc  t^f  af le  Isi  installed  to  Ijave  such  changes  made  a.s  to  make 
it  comply  witli  tht*  law^  and  Uie  Bureau  of  Buildings  shall  have 
power  to  enforce  such  order. 

Recommendations : 

L  That  where  plans  are  filt?ii  with  the  Bureau  of  Buildings 
for  a  new  building,  the  application  set  forth  for  wlmt  purpose  the 
building  i^  to  be  used;  tliat  Huch  building  shall  be  used  for  no 
other  ourpose  than  that  stateil  unless  written  permission  be 
granted  by  the  Superintendent  of  Buildings,  who  shall  issue  such 
a  permit  only  w^hen  the  buihiing  cornpUes  in  construction  with 
the  law  governing  the  class  of  buildings  devoted  to  this  other 
use. 

2.  That  before  any  builiiing  shall  be  uswl  plans  shall  be 
fil(*(l  with  the  Bureau  of  Buildings  showing  the  locatioti  of  ma- 
chinery, tables,  exits,  etc,  together  with  the  number  of  prospec- 
tive employeas,  ami  that  sueli  |>lans  nmst  be  ajiproved  by  the 
Superintendent  of  Buildings,  wlio  must  hrst  deteiThine  that  the 
exits  will  enable  all  employees  to  escape  in  time  of  eniergencv. 

3.  That  a  compulsory  fire  drill  shall  be  establisiied  wliere 
large  numbers  of  employees  are  assembled, 

4.  That  all  factory  buildings  sliall  be  inspected  at  least  once 
in  six  months. 

5.  That  automatic  t^prinklers  shall  be  instiilknh 

6.  That  all  factory  stairways  shall  be  hereafter  extended  to 
the  roof. 

7.  That  rules  shall  be  posted  in  large  factories  telling  what 
to  do  in  case  of  fire. 

8.  That  an  axe  shall  be  placed  at  all  doors  of  manufactur- 
ing places. 

Means  of  Egress.  —  See  Chapter  IX,  page  ;iOO,  and  Chapter 
XV,  " Stairways  and  Fire  Escapes." 

The  following  requirementSj  abstracted  from  an  **act  regidat- 
ing  the  agcv,  employment,  safety^  health  and  work  hours  of  jjersons, 
employet^s  and  ot>eratives  in  factories^  workshops,  mills  and  all 
places  where  the  manufacture  of  goods  of  any  kind  is  carried  on^ 
and  to  establish  a  department  for  the  enforcement  thereof/* 
enacted  by  the  legislature  of  the  State  of  New  Jersey,  19 U,  — 
principally  as  a  riisult  of  the  Newark  fa<itory  fire,  of  November  26, 
1910  —  are  suggestive  as  showing  the  increased  consideration 
being  given  to  this  subject. 

Two-story  buildings  to  have  af  least  two  means  of  egress 
from  second  story,  placc^d  a.H  far  as  may  be  possible  at  opposite 
ends  of  room  or  building,  and  to  consist  of  eitnet  mavde  a\.iaAr«ia.^* 
or  outside  tire  ei^capets^  or  both. 
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Buildings  more  than  two  storiea  high  to  have  at  least 
similar  means  of  egress  rommuniral in^  with  eacli  story,  one 
be  an  int^ttle  stairway,  and  one  an  oiitside  fire  esca|^>e.     Aflditioni 
stairs  or  fire  escapes  to  be  provided  if  necessary  for  the  proper 
protection  iif  inmates. 

The  owners  of  new  factories  over  two  storie^s  high  (or  of  old 
btdidings  to  be  devoted  to  factory  use)  must  file  plaUH  and  speci- 
ticationa  .nhovving  siairwaya,  fire  escapes,  elevator  shafts,  doors 
and  windows,  ventilation  and  sanitation.  These  plans  and 
specifications^  together  with  the  estimated  number  of  employee* 
to  be  engaged  upon  each  story,  or  separatotl  subdivision  of  anj 
story,  must  be  approve<.l  before  occupancy, 

l^or  buildings  over  two  stories  hiRh,  all  stairways  and  elevat 
shafts  to  be  enclosetl  with  lire-resisting  walls,  and  to  have 
ri?sisting  doors.     8tairs  to  lie  of  hre-resisting  construction,  and 
floors,  walls  and  |jartit  ions  to  be  fire-stopped  where  required, 

I'or  fire  escapes,  stairs  to  be  not  steeper  than  45  degr 
balconies  not  less  than  4  ft.  wide  when  one  above  the  other, 
3  ft.  wide  when  of  'straight  run'  plan;  entrance  doors  to  be 
floor  level,  doors  or  window^s  opening  onto  or  under  a  fire  ^caflj 
to  be  metal  covered  and  wire  glass;  cantilever  ladders  to  amm 
to  ground. 

The  estimatetl  number  of  persons  liable  to  use  stairways 
fire  escapes  must  not  be  exceeded  (st^  ''Fire  Escapes,'*  page  .>34l 

Roof  si  airs  to  be  furnished  for  all  buildings  not  detached 

Doors  leading  to  fire  escapes  to  have  designated  signs. 

Pails  of  water  and  ssmd  to  be  j  jravided  and  located  as  direct 

In  the  absence  of  iis  good  or  better  local  regidations, 
requirements  given  above  should  be  complied  with  in  eve: 
factory  or  miU  building  over  two  stories  in  height,  at  least  i 
general  interpretation  if  not  in  exact  letter^  in  addition  to  whi(j 
special  care  must  be  exercised  to  keep  aisles  or  pas^agewuv 
between  machines^  tables,  stock  or  other  floor  encumbrances,  ffi 
antl  wi<le  enough  to  permit  safe  e^cit  in  time  of  need. 

Fire  Alarm  System.  —  The  previously  mentioned  New  J«l 
sey  factory  law  requires  a  suitable  fire  alarm  system  in  all  factod 
buildings  more  than  two  stories  in  height.     This  rcn^uirement 
so  reasonable*  from  the  stand{ioint  of  safety  of  employees  that  it*! 
adoption  sliould  be  universal. 

Factory  buildings  more  than  two  stories  in  height  shall  1 
equipped  with  a  system  of  fire  alarm ,  with  sufficiently  large  gonft, 
located  on  each  ffoor,  or  within  each  separate  room,  where  man 
than  one  factory  is  locattd  on  a  single  fioor. 

The  system  shafl  he  so  installed  ius  to  p<»rrnit  the  s<iundin 
of  all  the  alarm  gongs  wilhin  a  single  building  whenever  the  ala 
IS  sounded  in  any  one  porliou  \\u^Tt^i.t.     TUe  means  of  souti4 
iag  theae  alarms  shall  be  \As3kAic^V  m\Xiiii  'ia^^  viiivyaaia  vjS.  i»ik  ( 
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)eratives  within  the  specified  factory  or  room,  and  shall  be  plainly 
beled.  This  system  of  fire  alarms  is  not  to  be  used  for  any 
iirpose  other  than  in  case  of  a  fire  or  fire  drill,  and  it  shall  be  the 
uty  of  the  person  in  char^  of  any  factory  or  section  of  a  factory 
herein  a  fire  originates  immediately  to  cause  an  alarm  to  be 
)unded. 

A  most  excellent  fire  alarm  system  with  auxiliary  connection 
3  fire  department  headquarters  is  described  in  Chapter  XXIII, 
age  752. 

Fire  Drills*  —  The  practice  of  instituting  fire  drills  in  mills 
nd  factories  is  sometimes  required  by  law,  as  in  the  New  Jersey 
actory  law  before  quoted,  which  requires  such  drills  at  least  once 
*  month  in  factories  more  than  two  stories  high;  but  oftener  the 
Irill  is  voluntarily  adopted  by  factory  owners  or  managers  as  a 
neans  of  promoting  the  safety  of  employees.  For  a  more  de- 
;ailed  description  of  fire  driUs,  see  Chapter  XXXVII. 

Occasional  drills  with  fire  protection  apparatus,  whereby  some 
specially  designated  employees  are  regularly  instructed  in  the 
maintenance  and  proper  use  of  extinguishing  appliances,  are  also 
of  great  value. 


CHAPTER  XXVI. 
GARAGES. 

Fire  HMards*  —  The  fire  hazards  in  garages  result  from  two 
principal  causes,  first,  the  hazards  incident  to  automobiles,  and 
second,  the  hazards  incident  to  the  storage  and  handling  of  gas- 
olene and  other  oils. 

Automobiles,*  if  of  the  gasolene  type,  may  cause  fire  from  igni- 
tion sparks,  or  from  a  back-fire  or  muffler  explosion  due  to  ata^ 
nant  gasolene  vapor  or  gas;  or,  if  of  the  electric  type,  by  the 
arcing  of  a  switch  at  the  charging  board,  or  by  a  spark  from  an 
unprotected  controller. 

Garage  Fires,  —  A  summary  of  the  causes  of  126  garage  fires 
recorded  by  the  National  Fire  Protection  Association  f  u  ai 
follows: 


Special  hazard  causes. 


No.  of 
fires. 


Per  cent,  d 
whde. 


Gasolene  or  benzine  cleEining 

Repairing 

Filling  gasolene  supply  tanks 

Carbureter  fires 

Gasolene  fires 

Automobile  fires,  cause  unknown,  in  gasolene  automo- 
biles   

Electric  automobile  fires 

Tire  vulcanizing 

Total 

Common  causes 

Special  hazard  causes 

Total 

Incendiary 

Exposure 

Cause  unknown  fires 

Total  automobile  garage  fires 


14 
6 
12 


15.6 
6.7 
13.3 
10.0 
18.9 

8.9 
2.2 
3.3 


71 


19 
71 


21 
79 


90 
1 
2 

33 


126 


( 


*  For  discussion  as  to  fire  hazards  in  automobiles,  see  *'The  Automobile  al 
a  Fire  Hazard,"  National  Fire  Protection  Association's  "Quarterly,"  June,  1911. 
t  See  "Quarterly,"  June,  1^11. 
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CamrDcm  Causes, 

No.  of 
fires. 

Per  cent,  of 
whole. 

Lighling,. ...♦  +  ♦  ,  -          4  . . . 

1 
4 

0 
0 
3 
6 
4 
0 
0 
1 

1  1 

Heafijijj 

4  4 

Power ,,,,.,...*.«.............., 

,0 

Boiler  (or  fuel) .,*«..,<4, 

.0 

Oily  material ,,  ^  „....,  ^ ,..,,,  t  -•  - 

Lightnmjf , 

3.3 
6  7 
4  4 

1) 

IJocoinotive  sparke . .  , 

Miscenaoeous. . , . . 

0 
11 

Total                ... 

19 

In  all  the  fiv^e  boroughs  of  Greater  Ninv  York  t  hei'e  art^  now 
about,  two  tlioa.sand  garages,  priv^ate  und  public,  and  insfjeRtors 
of  the  Bureau  of  Combustibles  recently  discovered  in  them  nine 
hundnxl  and  Kovcnty  violations  of  the  rogulationfi  govendng  their 
operation  —  in  some  instances  a  dozen  or  more  violations  in  one 
estabhshment ;  cashes  of  grea^sy  floors,  open  containers  of  gasolene, 
open  furnaces  and  forges,  and  defective  electric  wiring.  The 
wonder  is  that  under  such  conditions  many  disastrous  fires  have 
not  already  resultetl  in  New  York  from  garage  practiecfi  —  and 
eiiipecially  when  it  is  eonsidered  that  the  recent  shot^king  fire 
tragedy  at  Nantucket  waa  caused  by  the  cfirelesa  combination 
of  a  burning  match  and  a  recently  oiled  floor. 


Public  Garage^i  according  to  the  revisions  of  the  Building 
Code  recommended  by  the  National  Board  of  Fire  Underwriters, 
include  those  buildings  or  portions  thereof  in  which  are  housed,  J 
for  rent,  care^  demonstration,  storage  or  sale,  more  than  three 
©elf -propelled  vehicles^  or  otlier  whet*It3<l  macjhinea  using,  or  eon- 
taining  in  the  tanks  thereof,  volatile  inflammable  fluid  for  fuel 
or  power,  also  all  adjoining  structures  or  buildings  not  cut  o£f  by 
»ii  unpierced  fire  wall.     Furthermore, 

No  garage  shall  be  allowed  or  kept  in  any  building  used  in 
^vhole  or  in  part  for  a  scho(d,  or  place  of  tissembly  or  detcntioiij 
hotel  or  apartment,  tenement  or  lodging  house,  or  dangerously 
exposing  any  of  thera.  Any  building  crectwl  or  remoddevl  a-s  a 
garage  and  occupitul  In  part  as  an  office  building,  manufacturing 
establishment,  warehouse  or  store  shall  have  such  parts  entirely 
cut  off  from  the  portion  used  as  a  garage  by  unpiereed  fire  waifs 
at  least  12  inches  thick  and  flooi's  of  the  equivalent  construction, 
and  shall  be  provided  with  adequate  ineans  of  exit  independent 
of  that  used  for  the  garage.  All  windows  of  such  iMrtiona  tKvm 
occupifHi,  located  above  parts  used  as  a  garage^  sWuXiii  ptWMvVvjA 
wj'tJi  nire  ^/^^^f  windows  in  metal  frames. 
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It  is  questionable  whether  even  the  above  restrictions  as  tD 
occupancy  are  stringent  enough.  The  special  hazards  incident 
to  garages  should  be  definitely  considered  in  both  design  and 
construction,  and  occupancy  of  this  character  might  well  be 
limited  to  buildings  especially  constructed  therefor,  and  without 
other  tenantry. 

The  question  of  allowing  basements,  especially  if  used  for  the 
storage  of  automobiles,  is  still  a  mooted  question.  Some  authori- 
ties claim  that  such  use  should  be  permitted,  especially  if  the 
basement  is  adequately  ventilated,  but  the  St.  Louis  ordinance  - 
as  quoted  on  page  821  —  prohibits  basements  except  for  use  as 
boiler  rooms,  while  the  National  Code  prohibits  all  "rooms  or 
open  or  closed  spaces  of  any  character,  except  such  clearance 
space  as  may  be  necessary  for  elevators,"  below  the  street  levd. 

Essentials  of  Design  and  Construction.  — 

The  Design  of  pubUc  garages  should  especially  care  for: 

1.  The  isolation  by  means  of  fire-resisting  walls  of  all  boiler 
rooms  and  forge-  or  repair-shops  containing  open  fires  or  lights. 
Access  to  such  rooms  should  preferably  be  provided  by  means 
of  separate  entrances  from  the  outside  of  building. 

2.  The  isolation  of  each  and  every  floor  by  means  of  efficient 
fire-resisting  enclosures  for  all  vertical  openings. 

3.  Efficient  ventilation  and  thorough  drainage,  including  well- 
ventilated  settling  chambers  to  prevent  the  accumulation  of 
volatile  oils  and  inflammable  supplies. 

4.  The  installation  of  approved  storage  tanks. 

5.  Provision  for  dispensing  fuel  and  oils  in  the  open  air,  or  at 
least  in  an  isolated  court  or  passage  where  thorough  ventilation 
may  be  had  at  about  the  ground  line. 

Construction  should  include: 

1.  Thorough  fire-resisting  construction,  especially  masonry 
division  walls,  and  fire-resisting  doors,  and 

2.  Non-absorbent  floors. 

Heating,  Lighting  and  Fires.  —  The  heating  of  gaii^es 
should  be  by  means  of  steam  or  hot  water,  and  all  boilers,  etc., 
should  be  located  in  a  room  or  rooms  cut  off  from  the  balance  of 
building  by  means  of  unpierced  fire  walls  at  least  8  ins.  thick. 

Forges  or  other  exposed  fires,  lights  or  spark-emitting 
device  or  machine,  and  aW  Tepak  s\vQp?>,  \l  wi  q\  below  the  top- 
most floor  where  vo\aU\e'\tAammaJcAe^\i\^^^Vx^sfe\iX.,\a»&N.\*. 
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in  a  fin?proof  room,  with  all  tloora  and  opcninK-s  between  such 
I  rooms  and  oilier  pia'is  of  ( ht'  jj;araKi'  proxridtnl  with  staiN Uird  aiitf>- 
I  Diatic  closing  lire  doora  kept  clo&ed.  All  Hut^h  roomti  must  be 
f  ventilated  at  floor  lin(^§ 

Only  electric  lighta  should  bo  permitted  as  a  means  of  lighting, 

Flllliiic  of  Tank!*!  an  Machines,  — 

Si'dioti  22,  —  The  supply  tanks  attacheti  to  or  belonging  to 
vehicles  or  whcoltxi  machines  must,  be  filled  direct  from  the  Fstor- 
agc  tank  through  metallic  hose;  or  approved  elose<l  wheeled 
metallic  tanks  or  buggii^,  not  excee<ling  in  capaeity  «ixty  (G(>) 
gallons  and  provided  with  ptmip  drawing  from  the  top  of  Bueh 
container^  may  be  used  for  transferring  from  storage  tanks  to 
the  vehicle  tjmk.  No  soft  rubber  hone  or  siphona  will  be  allowed 
for  drawing  oflf  or  conduct  ing  such  fluids.  No  open  top  or  splash- 
ing  or  wasting  pumps  shall  be  use^l  and  every  precaution  shall  be 
taken  to  prevent  or  reduce  cvajxaration  of  such  fluids;  rubber 
tired  wheels  only  shall  be  used  on  portable  tanks.  Not  more  than 
one  such  wheeled  tank  or  buggy  shall  be  allowefl  in  any  garage 
except  by  special  written  permission  of  the  Fire  Marshal,  and  no 
other  container  shall  be  permitted  in  any  garage  exceijt  that  the 
use  of  one  metallic  automatic  closing  can  not  exceeding  five  f 
gallons  in  capacity  may  be  allowed  in  private  garage  by  special 
permission  of  tiie  Fire  Marshal.J 

Ekctric  Charging.  —  \\' liere  electric  charging  is  employed,  all 
apparatus  in  connerition  therewithi  save  the  wires  leading  to  the 
automobile,  should  be  placed  in  a  room  or  compartment  cut  off 
by  means  of  firci-resifciting  wallni  and  doors. 

Storage  Tanks,  Piping,  etc.  — 

Section  5.  —  TIk'  aniount  of  Kuch  volatile  inflannnable  fluid 
permitte<:l  to  be  kept  for  sale  or  tise  sliall  be  as  given  in  Table 
No.  I  at  tachc<l,  except  tliat  within  I  he  fire  limiiSj  as  now  or  here- 
after adopted  by  onlinance,  no  storage  above  ground  in  excess 
of  five  (5)  gallons  shall  be  permitted,  other  than  in  metallic  wheel 
buggies  in  garages  as  given  in  Section  22. 

Except  as  specifietl  in  Section  (>,  all  reserve  and  storage 
stocks  of  such  vi>Iatile  inflammable  fluids  shall  be  kept  in  tanks. 

Tanks.  —  All  tanks  shall  he  of  steel  or  wrong  fit-iron,  not 
leas  than  i^,-inch  thick  and  riveted,  and  shall  be  soldered  or 
caulked  or  otheiwise  made  tight  in  a  mechanical  and  workman- 
like manner,  and  sfiall  safely  sustain  a  hydrostatic  test  of  100 
pounds  fjer  square  inch.  Tliey  shall  be  covered  with  asphaltum 
or  other  approved  non-rusting?  paint  or  coating.  All  pipe  con- 
nections shall  be  I  breaded  into  or  through  flanges  or  reinforced 
metal  securely  riveted  or  boiled  (o  tank  and  made  tight  without 
giiskets. 

§  Thb  and  Bimilarly  marktMi  [^uoLHlionfi  in  this  chapter  «.t»i  \.ak.et\  VttA%\  <>rssi 
[  19IJ  Iie\'isioatt  of  the  Building  Code  of  the  National  Board  o\¥\TC\iTi!i«t^^^'^*i^- 
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Tanks  to  be  in  a  lof!atinn  satinfactory  to  the  Fire  Marshal 
and  may  be  pertriitted  umlernt^at b  a  building  if  located  two  feet 
below  the  basement  floor. 

If  buried  underground,  t^p  of  tank  must  be  at  least  two 
feet  below  the  surfnee,  and  be  below  tite  level  of  the  lowest  pipe 
in  the  building  used  in  con  nee!  ion  with  the  apparatus. 

If  underneath  or  within  5  feet  of  any  building,  tank  must 
be  ent^losed  on  all  sides  by  at  least  12  ineht^  of  eonerete,  and  if 
within  10  feet  of  any  building,  and  not  below  the  lowest  level  of 
any  floor  within  such  building,  it  mii.Ht  he  enclo-sed  by  at  IimuhL 
(1  ineheK  of  eonerete.  No  air  space  shall  be  allowTd  immediately 
outside  of  such  tank.  All  corin(»etions  fronj  tank  to  any  liousc 
or  snlj-surfuec  drainaj^e  system  shall  be  so  arranged  iifi  to  prevent 
the  flow  of  volatile  or  inflammable  liquid  to  any  such  system  or 
the  leakage  of  any  inflammable  gftses  from  such  liquid,' or  pro|>- 
erly  const  rueted  oil-eolkctors  shaU  be  pro\aded  in  sucli  connec- 
tion. 

Tanks,  wdien  above  ground,  must  be  set  on  substantial 
foundations,  and  each  must  be  surrounded  by  a  substantial  earth, 
brick  or  concrete  wall  or  levet?,  of  such  height  a-s  to  contain  IJ 
times  the  full  contents  of  such  tank,  and  of  dimensions  and 
(Strength  satisfactory  to  the  Fire  Mar.shal.  Such  reservtdr  shall 
be  fluid-tight,  kept  in  good  condition  and  not  pro\'ided  wilb^ 
outlet  or  drain  pipes,  and  shall  be  roofed  and  otherwise  encloi 
and  yentilatetl,  It  wnthin  10  feet  of  any  thoroughfare  or  of  ani 
opening  in  any  building. 

Each  tank  may  have  a  test  well  passing  unbroken  to  bot- 
tom, and  its  top  end  shall  be  kept  closed  and  locked  except  when 
necessarily  open. 

Piping.  —  All  piping  shall  drain  to  tanks  without  any  traps 
or  pockets  and  shall  b(^  protected  against  frost  and  mechunic.d 
injury.     Each  tank  shall  have  a  separate  filling  pijje;    its  filling 
end  shall  be  carrietl  to  an  approved  point  outside  of  any  build  in, 
but  not  wdlhin  t5  feiH  of  any  entrance  door,  and  shall  bo  set  in 
approved  metal  box  with  cover  which  shall  be  kept  locked  exccL 
during  filling  operations;  this  filhng  oi}>e  shall  be  clos<?il  by  a  cnpi 
A  30  X  3(1  mesh  brass  stramer  shall  be  placed  in  the  supply  and 
tank  ends  of  filling  pipe. 

Ah  storage  systems  in  which  the  tank  may  contain  in- 
flammable gt\jses  shall  have  at  least  a  1-inch  vent  pipe,  run  from 
top  of  tank  to  a  point  acceptable  to  the  Fire  Marshal,  but  w^hich 
shall  be  at  least  20  feet  abov^e  point  of  filling  and  in  an  inacces- 
8ibk^  location  remote  fn>m  fire  escapes  and  never  nearer  than 
3  feet,  measured  horizontally  and  verlically,  from  any  window 
or  other  opening.  The  tank  vent  pipe  shall  terminate  in  a  tec 
each  end  beirvg  provided  with  a  faec-down  bend  and  protect^ 
b^"-  a  30-mesh  brass  wire  scrt^n.  Provided  that  the  vent  pij 
may  be  eliminated  and  a  coiifl^incKl  vent  and  filling  pitx. 
equipped  and  !i>cate<l  as  1i>  vent  the  tank  at  all  times,  even  durmg 
filling  operations,  may  he  used,  if  located  at  least  10  feet  from  any 
buiJding  and  any  thoroughfare.     The  vent  pipe  from  two  or  more 
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tanks  may  be  eonne<^t.t^l  to  onf*  upright,  provitJtHl  thoy  be  con- 
Dectrfl  at  a  poiat  at  least  1  foot  above  supply  filling  leveL 

At!  pipes  uHetJ  in  the  iiifiLallation  of  such  tanks  and  sy><tema 
sliaB  l^e  of  at  least  standard  weight,  galvanized  iron,  with  suit<- 
able  brass  or  galvanized  iron  fittings.  No  rubber  or  other  pack- 
ings, flanges^  ** rights  and  lefts"  or  ''rvinning  threads"  shall  be 
used.  If  nniona  are  used,  at  least  one  face  must  be  of  brasH,  with 
close  fitting  eonical  jointK.  Litharge  and  glyeerine  only  shall  bo 
used  on  pijw  joints. 

Ail  piping  normally  containing  volatile  inflammable  fluid, 
or  whieli  may  con  lain  hucIj  fluid  l>y  any  derangement  of  the  sys- 
tem, shall,  where  passing  through  basements,  passageways, 
storerooms  and  other  phiee.s  where  they  are  liable  to  mechanical 
injtiry,  he  enelased  in  mfu^onry  at  least  4  inches  thiek. 

None  of  the  installation  shall  be  coveretl  from  sight  until 
after  an  inspection  by  the  Fire  Marshal  and  his  written  approval 
hjis  been  given. 

All  pifje  connections  shall  be  provide tl  with  30  X  30  me^h 
braj5.s  wire  screen.^  at  or  near  junction  with  shell  of  tank  and  also 
close  to  their  outer  ends,  and,  excepting  vents,  all  pipe-s  in  storage 
sy.stem  where  tanks  may  contain  a  mixture  of  inflamniable  gases 
and  air  shall  descend  to  near  inside  bottom  of  tank. 

Section  t>.  —  The  storage  and  handling  of  volatile  inflam- 
mable fluids  in  can.^  or  barr(4s  in  excess  of  fj  gallons  shall  be  inside 
of  buildings  detached  at  lea»st  10  feet  (see  Table),  the  w^alls  of 
which  shall  be  impervious  to  liquids  and  shall  be  of  solid  masonry 
not  less  than  12  inches  thick  or  more  than  16  feet,  high  in  one 
story  with  a  4*foot  paraja^t,  and  without  wall  openings  witliin 
3  feet  from  the  floor,  thus  forming  a  re^^rvoir  s«x^tion.  The  walk 
of  this  reservoir  section  and  their  supports  shall  be  at  least  4 
inches  thicker  than  the  walls  above  tfiem;  they  shall  be  laid  in 
cement  mortar,  the  floor  to  be  of  equivalent  construction.  There 
shall  be  nfi  oix^nings  of  any  character  from  this  section  nor  con- 
nect ions  to  any  public  sewer  or  drain  or  water  eoursc. 

The  reservoir  section  shxall  have  a  hokhng  capacity,  meas- 
ured from  the  hne  1  foot  below  its  lowest  wall  opening,  equal  to 
the  maximum  quantity  of  such  fluids  to  be  stored  or  kept  in  the 
building. 

Incombustible  materials  only  shall  be  use<l  in  the  construc- 
tion and  ouifltting  of  such  builJings.  Windows  shall  have  wire 
glas.s,  and  in  addition  shall  have  fire  shutters  if  within  50  feet  of 
adjoining  structures. 

No  such  building  shall  be  occupied  for  any  purpose  other 
than  the  storage  and  handling  of  oils  or  other  inflammable  fluids 
and  their  appurtenances.  No  exposed  flame  or  fire  shall  be 
allowed  within  such  building.  No  smoking  shall  be  allowed  on 
the  premiaes.§ 
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MAXIMUM  AMOUNTS  OF  VOLATILE  INFLAMMABLE  FLUIDS 
ALLOWED  TO  BE  SEPARATELY  STORED  OUTSIDE  THE  FIRE 
LIMITS,  ACCORDING  TO  DISTANCE  FROM  OTHER  STRUC- 
TURES. 


Number  of  gallons  allowed  stored. 

Distance  from  other  buildings  or  struc- 
tures. 

Not  wholly 
in  tanks.* 

In  tanks  but 
not  wholly 

under 
ground.! 

Wholly  io 
under- 
ground 

Under  10  feet 

100 
500 
2,000 
5,000 
10,000 
15,000 
20,000 
Unlimited 

300 

1.500 

6.000 

16,000 

60,000 

150,000 

Unlimited 

1.600 

Over    10  feet  and  not  exceeding   20  feet. . . 

"       20 30    "    ... 

••       30 60    "   ... 

..       5Q    ..      ..     ..           ..           75    "   ... 

"       75    ••      "     ••           ••         100    "   ... 

••     100 150    ••    ... 

"     150    "     

5.000 

20,000 

50.000 

Unlimited 

See  Section  6. 


t  See  Section  5. 


VentUation.  — 

Section  25.  —  All  garages  shall  have  air  inlets  near  the  top 
of  the  room  each  of  at  least  50  square  inches  area,  provided  with 
screens.  Rooms  containing  volatile  inflammable  fluid  shall  have 
ventilation  openings  of  at  least  30  square  inches,  at  intervals  of 
not  more  than  10  feet  along  all  walls  and  at  floor  level.  These 
openings  shall  connect  by  incombustible  flues  to  the  outside  air 
at  a  point  not  closer  than  3  feet  to  any  window  or  door  opening, 
or  10  feet  of  any  thoroughfare.  They  shall  be  provided  with 
30  X  30  mesh  brass  wire  screen  on  the  inside  of  the  wall  and, 
unless  laid  with  a  downward  slant  direct  to  the  outside  air,  they 
shall  conduct  to  and  through  a  sparkless  fan,  to  be  run  during 
hours  of  operation  and  which  shall  be  of  sufficient  size  to  com- 
pletely change  the  air  volume  every  10  minutes.  Discharge 
outlets  of  vent  pipes  shall  be  provided  with  30  X  30  mesh  brass 
wire  screens.  At  least  one  such  opening  shall  be  at  floor  level 
near  pump.  No  drip  pans  or  return  drips  to  pumps  will  be 
allowed.  § 

Sewer  Connections  Prohibited.  —  Gasolene  is  the  only 
liquid  in  common  use  whose  vapor,  when  mixed  with  air,  is  both 
explosive  and  heavier  than  air.  Gasolene  vapor  will  seek  a  low 
level  almost  as  readily  as  water,  and  hence  tends  to  collect  in  such 
places  as  basements,  drains,  etc.,  where  but  a  moderate  accumu- 
lation is  necessary  to  produce  a  highly  explosive  condition.  All 
connections  between  drains,  etc.,  and  sewers  should,  therefore, 
be  both,  vented  and  intercepted,  as  follows: 

Section  29.  —  There  s\va\\  bo.  wo  direct  connection  between 
liny  garage  waste  basin,^  smk^  ?Loot  dtam  ot  \\^\k.  ^\v^  ^siy  bouse 


drainage  or  sewer  system.  All  such  drains  or  wante  mains  to 
sewer  system  shiUI  have  inten-i-'pling  grease,  fjil  and  inflammable 
liquid  traps  or  separators  which  will  completely  Keparato  tiuch 
subsianee  from  water  and  8<_^wage  and  allow  of  their  iiafe  and 
convenient  removal.  Such  traps  simll  be  VBntilaled  in  the  same 
way  as  i>t  requireil  for  oil  tanks.  Grease,  oil,  etc.,  removed  from 
such  traps  or  separators  shall  be  removed  and  diftpo^ed  of  to  the 
satisfaction  of  the  Fire  Marshal. § 

Coostructlon.  —  The  Revisions  of  the  Building  Code  of  the 
National  Board  of  Fire  Underwriters  require  all  public  garages 
to  be  of  fire-resisting  construction,  and  ''all  trim  or  other  interior 
finisli  to  be  of  metal  or  wood  coveretl  with  metal,  or  of  other  non- 
flammalde  approved  material." 

One  of  the  most  stringent  municipal  garage  ordinances  so  far 
enacted  and  enforced  by  any  Anieriean  city  is  that  of  St*  Ltiuis, 
which  requires  public  garages,  i.e.,  those  eontaining  five  or  more 
automobiles,  to  conform  to  the  following  r 

Section  3.  —  No  building  exceeding  one  story  in  height  shall 
be  used  as  a  garage  within  the  city  of  St.  Louis  unless  sucli 
building  be  a  building  of  the  first  class,  and  no  building  used  for 
a  garage  shall  have  a  btusement  except  of  such  dimensions  and 
«ize  as  shall  be  appro vefl  by  the  Commissioner  of  Public  Btidd* 
ings,  and  said  basement  shall  be  used  only  for  a  boiler  room  for 
the  purtxjse  of  heating  the  building,  and  shall  not  be  used  for 
repair  shop  purposes  or  the  storage  of  automobiles  or  the  storage 
of  any  volatile  inflammable  liquid.  No  building  shall  be  used 
as  a  garage  within  the  city  of  St.  Ixjuis  unless  the  floor  on  w^hich 
automobiles  containing  volatile  inflammable  liquids  arc  stored 
shall  be  of  concrete  or  granitoid,  providing,  however,  that  the 
provisions  of  this  section  shall  not  apply  to  buildings  occupied 
for  garage  purposes  at  the  time  of  the  passage  of  this  ordinance. 

Typt^g  of  fire-resisting  construction  have  been  suflSciently 
covered  in  former  chapters,  but  a  few  points  particularly  appli- 
cable to  garages  require  brief  mention. 

Floors  should  be  thoroughly  fire-resisting  and,  utdesa  of  earth, 
should  be  of  such  finish  or  surface  as  will  not  readily  absorb  oil. 
From  this  standpoint,  etone  floors  are  undoubtedly  best  for 
garages,  but  as  the  cost  of  such  floors  will  generally  preclude  their 
use,  granohthic  may  be  sub.^t itutod  when  given  an  oil-proof 
cmding.  Several  preparations  to  render  cement  floors  oil-proof 
are  now  on  the  market. 

Elevators,  Stairways  and  Doors.  — 

All  elevators  and  stairways  in  garages  shall  be  enclosed  witk 
fire^j'oof  mutenithi  tmd  aliali   coufonii  tu   Uig  tvi^\\wi^vakKCt\A  ^S. 
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Section  !}7  of  the  Building  Code,  except  that  no  window  open- 
ings from  shafts  to  within  the  buildinp;  shiill  be  permit  let  J  in  any 
Baid  enclosing  walls  or  construction,  and  no  gla^ss  panel  or  w  indow 
ehall  be  permitted  in  any  doorojKHiing  from  shaft h  in(o  the  build- 
ing<  All  inter-connecting  openings^  pansageways,  stair  or  eleva,* 
tors  shall  be  proteetcHl  with  autonuitie  hre  doors  aixanged  to  open  ( 
or  close  from  either  side.  All  fire  doors  and  shutters  shall  be 
constructed  and  installed  as  given  in  Heetion  105  of  the  Building 
Code,  except  as  abf>ve  ritstrictiKl,  anrl  all  such  doors  shall  overlap 
these  openinga  at  least  four  inehes  on  e^ch  side  and  the  top.§ 


» 


I 


FiQ,  350,  ^  ElevaUou  tal  ** VwW  YX^iVtt.V'^it  \ivitot** 


GARAGES 


823 


Ekmtor  Doors^  Etc.  —  The  installntion  of  elevator  doora  for 
uch  buildings  as  garaj^es,  carriage  factories,  etc.,  wliprc  wide  and 
ligh  door  oiM^iijngs  must  be  securod  for  loarling  freight  elevators, 
3  often  perplexinj^.  For  such  openings  swing  doors  art?  too  large 
aid  heavy,  and  occupy  too  mueh  floor  rc>oni  and  ideaj'ance  in 
ipening,  while  slide  doors  are  seldom  possible  on  atieount  of  lack 
*f  wall  spac«*  A  very  satisfactory  arrangement  for  such  in- 
tallations  is  found  in  the 

''Peelle"  Doors,  which  consist  of  counterbalanced  tin-covered 
loora,  bolted  into  steel  frames,  hung  with  ball-bearing  pulleys, 
tnd  operated  in  anti-friction  tracks.  The  appcitrance  of  these 
loora,  slightly  ajar,  viewed  from  the  elevator  aide,  is  shown  in 
?ig*  350.  The  method  of  connecting  the  two  halves  of  each  open- 
ng,  so  that  they  w ill  move  simultaneously  in  opposite  directions, 
s  indicated.  Two  methods  of  operation  are  shown  in  Fig,  351, 
Thai  on  the  right-hand  side  of  well  room  is  suited  to  storj^  heights 
flrhere  panels  one-half  as  high  as  the  required  door  opening  may 
36  opened  to  occupy  the  space  between  the  head  of  door  and 
\ooT.  That  on  the  left-hand  side  of  well  room  sfiows  how  the 
loors  may  be  made  to  Lap  by  each  other  where  the  story  heights 
ire  not  sufficient  to  give  enough  room  over  heads  of  openinp. 
in  this  casCi  automatic  movable  lintels  are  plaeefl  at  the  heads 
if  openings  to  close  up  the  spaces  between  the  lintels  and  inner 
ioors. 

^'Turn  Over**  Doors,  —  A  new^  type  of  fire  door,  especially 
intended  for  garages,  entrances  to  warehouses,  shipping  |daf  forms, 
ate.,  JB  illustrated  at  the  lower  right-hand  side  of  Fig.  351.  The 
peculiar  feature  regarding  these  doors  is  tlic  manner  in  which 
ibey  are  stowe<l  away  at  the  ceiHng,  w^hen  open.  ThL^  makes  it 
possible,  as  at  shipping  i>latforms,  etc.,  to  install  a  number  of  such 
loors  side  by  side  without  taking  up  floor  space.  The  doors, 
w^hich  iute  tin-covered  wood,  have  side  rollers  which  run  in  tracks 
yr  guides  attached  to  the  jambs  and  to  the  ceiling.  A  hand 
ihain-hoist  operates  conical  spiral  wheels  which  serve  to  equalize 
the  counter  weighting  in  the  varied  positions  of  the  doors. 

Sand  and  Deterrent!^.  — 
Seclion  27.  —  Dry  r^aud,  ashes  and  other  fire  deterrents 
ahall  be  provided  in  such  quantities  and  !>e  locatetl  writli  t>ails, 
scvoops  and  other  fire  appliances  lu^  may  be  flireetc^d  by  the  Fire 
Marshal.  A  reasonable  quantity  of  loose^  non-eombustible 
absorbents  shall  be  kept  convenient  for  use  in  cas^  iit  ext^s^vj^ 
oil  waste  or  overflow.^ 
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Fia,  S51.  —  Operation  of  "Feelle"  and  "Turn  Ovep"  Dtjors. 

See,  also,  paragraph  '^Fire  Testa  with  Liquid  Petroleoi 
P^ucts,/'  Chapter  XXXII,  page  934. 
Care  of  Premises,  — 

All  garages  should  be  kept  clean  and  withotit  Htter.    GFeai^ 

oil-  or  paint-soaked  rags,  waste  or  other  combustible  matoiab 

of  like  character  sViould  be  ke^pV.  Vel  ^ftU-cloaing  ventilated  metalliB 

receptacles  having  metaJ\ic  \e^  a^.\^aa^.^^sM3cL«^\3iw5^«DA.%M^^ 
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braced.  These  rocpptaclea  Bhould  be  kept  safely  clear  of  all 
c^ombustiblo  surroundings  and  their  con!  err ts  .should  be  safely 
disposed  of  at  least  once  eaeh  day.  Oiled  and  greased  c^lnthing 
should  be  cared  for  in  non-combuBliblo  and  well  veuted  elostets 
safely  located  .§ 

Smoking  in  garages  should  be  made  a  misdomeanor,  and  signs 
to  thL=!  effeet  should  be  couHpieuously  po.st,(*d  on  the  premises. 
Private  Garages.  — 

Sedion  19.  —  All  automobile  garages  or  shelters  housing 
not  more  than  three  motor  vehicles  eifiall  be  known  as  private 
garages,  and  if  located  not  closer  than  20  feet  to  any  other  build- 
ing may  be  of  non-fireproof  construction,  but  must  have  walla 
of  masonry;  provided,  that  if  any  TOrtion  of  such  building  is  used 
as  a  dwelling,  the  portions  so  usetl  must  be  entirely  cut  off  from 
the  remainder  of  the  building  by  unpierced  fireproof  floors  and 
partitions,  and  pro\dded  further,  that  shelters  or  garages  in  resi- 
dential di.HtrictuS  with  capacity  for  only  one  automobile  may  be 
of  frame  or  metal-clad  tsonatruction.  § 

Types  of  Construction,*  other  than  wood,  include  brick  or 
stone,  hollow  tile  and  stucco,  reinforced  concrete,  concrete  blocks, 
concrete  tile  and  stucco,  gas-pipe  frami>  with  wire-  or  metal-lath 
and  stucco,  and  ^*Hy~Rjb"  and  stutjco.  All  of  these  construc- 
tions save  the  latter  two  have  been  sufficiently  described  in 
previous  chapters. 

Pipe-frame  and  Stucco.  —  This  simple  and  economical  method 
of  securing  a  fire-resisting  construction  for  a  small  garage  consists 
of  a  brick  or  concrete  footing  r^turrtf  upon  winch  is  built  a  frame- 
work consisting  of  2  J -in.  galvanized-iron  pipe  ujirights  .spaced 
not  over  5  ft.  centers,  to  which,  by  means  of  pipe  tittingSj  also 
galvanized,  are  connectetl  Ij-in.  horizontal  pipes  not  over  4  ft. 
centers.  The  uprights  should  be  seeuretl  to  the  footing  course  by 
means  of  threaded  pipe  dowels  which  are  built  in.  After  the  pipe 
framework  is  complete,  including  an  overhanging  roof  frame, 
J-in.  by  J-in*  flat  iron  is  attached  thereto  vertically  —  spaced 
not  over  16  ins.  centAirs  —  by  bending  the  ends  around  the  pipe, 
or  by  wiring.  Metal-  or  wire-latli  and  thrcoeoat  stucco  work,  — 
two  coats  outside  and  one  coat  inside,  —  with  a  finished  roofing, 
will  complete  the  main  framework. 

'"Hy-Rib^*  and  Stucco, — A  construction  very  similar  to  the 

*  For  descriptions  and  Illustrations  of  several  concrete;  and  p\tiLft\Qt:  Vv^ct^^,  «c» 
booklet  "Concrete  G*rajffes"  i^ued  by  the  Atlaa  Poribwid  C^imeuV  tl^Qtoi^wck^ . 
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above  may  be  made  by  using  a  light  framework  of  2-m.  X  2-iiL 
steel  angles  at  all  comers  and  at  door  and  window  jambs,  to 
which  are  connected  horizontal  5-in.  I-beams  at  the  eave  lines. 
Sheets  of  ''Hy-Bib''  steel  sheathing  with  stiffening  ribs  are  then 
clipped  on,  including  roof  of  any  desired  shape,  and  stucco  finish 
is  applied  as  before. 


CHAPTER  XXVIT. 
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Portable  8afcs*  —  Fireproof  safe^,  s^  eaUod,  are  roostructecf 
|of  two  distinct  types  —  those  hiiving  dtiublc  metal  wall??  wilh  an 
atervening  air-f?pac;e,  and  thos<^  having  do^ibl*^  metal  walls  with 
Ithe  intervening  space  filled  willi  cement.  The  latter  type  ia" 
Igenerally  considered  far  more  fire-resisting  than  the  former, 
owing  to  the  water  of  cryslalUzation  which  is  containeii  in  the 
aent.  Under  a  sufBfiently  high  tf^mperature  this  water  of 
Icrystallization  [a  released  and  passes^  in  the  form  of  steam,  into 
■the  interior  of  the  safe.  No  type  of  dry  cement  or  dry  filling  is 
|tisually  considere*!  comparable  to  wet  cement  filling. 

The  following  informal  ion  on  the  ^ubjecl  of  portable  nafes  was 
outlined  by  a  committee  of  the  National  Fire  Protection  Associa- 
tion, appointed  to  consider  and  report  on  "'Vaults  and  Safes:*** 

First:  There  is  a  sensible  degree  of  safety  in  having  a  vault 
lor  safe  located  on  or  near  the  ground;  in  other  words,  exposure 
I  to  falls  is  always  attended  by  some  ri^k. 

Second:  Notwithstanding  the  view  expressed  in  the  pre- 
loeding  parapxaph,  it  is  a  fact  that  a  well-conntructed  safe  will 
llisually  stand  a  considerable  fall  without  injury  to  the  con  tenths. 
Third :  The  security  of  a  safe  from  injury  by  falling  is  not 
Idependent  on  any  one  or  few  details  of  conintruelion,  .^ueh  as  the 
Jshape  of  the  corner  of  the  door,  or  the  exact  style  of  the  frame  or 
IsingeBj  hut  Ls  principally  dependent  on  t  lie  general  excellence  of 
the  materials  and  workmansliip. 

Fourth:  Full  burglar-proof  and  full  fireproof  properties 
iehould  not  usually  be  looked  for  in  any  one  con.strurtion,  unless 
Ithe  structure  he  a  first-class  ground  level  vault.  If  full  burglar- 
Iproof  and  full  fireproof  qualities  are  to  be  looked  for  in  a  portable 
le,  the  eombination  of  quahties  should,  in  general,  be  looked  for 
i  combination  of  a  burglar-i>roof  safe  enclosed  within  a  fireproof 
ife. 

Fifth:   In  making  special  contracts  to  insure  the  coritenlj^ 

of  safes,  \jnderwriters  should  bear  in  mind  that  what  are  called 

light-weight  safe^i,  or  safes  with  walls  about  four  inches  thick, 

[while  rea^nably  fireproof  wdien  used  in  steel  frame  office  build- 

♦  See  "Proceedings  of  Eleven tti  Annitji]  Meetiiig  of  NHtioim]  Fire  Protectvoii, 
PAesociatioru** 
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ings,  are  by  no  means  reasonably  fireproof  when  placed  in  siti 
tions  where  surrounded  by  a  great  mass  of  combustibles. 

Sixth:  The  usefulness  of  cement-filled  safes  is  whdfyd 
pendent  upon  the  quality  of  the  cement.  The  cements  in  gens 
are  known  as  wet  £uid  dry  cements,  it  being  possible  to  prwlaee 
&«t-elass  safe  with  either  class  of  cement.  Dr^  cement  is  eoi 
mercially  preferable,  to  save  weight  in  handlmg  and  shippi 
safes.  GoKxi  dry  cement  is,  however,  less  seldom  met  with  tiri 
good  wet  cement,  and  both  classes  of  cement  ofiFer  temptatioiit 
cheapness  as  against  quality,  thus  making  the  actual  value  < 
fireproof  safes  extremely  dependoit  upon  the  oommdrcial  iateffH 
and  the  value  of  the  good  will  of  the  manufacturer. 

Heavy  safes  should  never  be  supported  on  wood  stands  or 
on  combustible  flooring.    Compare  with  Chapter  XI,  page 
especially  in  regard  to  the  Parker  Building  fire,  and  the 
of  the  weights  of  heavy  safes  to  the  ultimate  floor  d^wdty. 

Safes  In  Baltimore  Fire.  —  After  the  Baltimore  fire, 
contents  of  a  great  many  safes  were  destroyed  by 
opening.    If  a  safe  is  not  thoroughly  cooled  off,  the  opemog 
the  door  and  the  admission  of  oxygen  produces 
instantly.    Safes  should  never  be  opened,  after  passing 
a  fire,  as  long  as  any  heat  can  be  felt  by  the  hand.     They 
be  cooled  by  air  only,  never  by  water,  and  should  not  be  O] 
until  stone  cold.     This  cooling  usually  requires  from  two  to  f( 
days. 

The  greatest  losses  to  contents  of  safes  in  the  so-called  fire-i 
resisting  buildings  occurred  in  the  Equitable  building,  where  thc| 
inadequate  floor  construction  allowed  a  large  number  of  safes  toi 
fall  through  to  the  basement,  into  debris  which  smouldered  many 
days. 

Portable  safes  made  a  very  poor  showing,  approximately, 
sixty-five  per  cent,  of  their  contents  having  been  destroyed.  Thfl ; 
was  true  of  all  the  various  grades  of  ordinary  safes  with  an  in-j 
sulating  filler  of  concrete  varying  from  3  to  6  inches  in  thickness.*! 

Safes  in  San  Francisco  Fire.  — 

Portable  safes  and  small  vaults  gave  very  unsatisfactoiy 
results.  In  many  of  the  large  office  buildings,  particularly  tho« 
of  Class  B  construction  with  wood  floors,  fires  of  suf&cient  intett* 
sity  occurred  to  incinerate  the  contents  of  the  largest  safes. 
Many  of  these  were  of  standard  makes  and  supposed  to  be  suffi* 
ciently  fire-resisting  to  preserve  their  contents,  the  walls  being 
in  many  cases  8  ins.  to  12  ins.  thick  and  filled  with  compositioi 
non-heat-conducting  materials.    One  of  these  large  safes,  in  tto 

*'  Keport  of  NaUonaV  ¥'\iq  ¥to\.ecX\Qiu  KsK^svaMvavi  ^ti  Baltimore  fire* 
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'  bQildin^,  became  hcaterJ  to  such  a  <legre<:!  that  not  only 
a  paper  i^ontent^  rtniuced  to  black  ashes,  but  silver  coiiuj 
were  partially  fused,  entire  packages  or  roUs  of  20  silver  dollars 
being  fui^cni  togetlier  into  one  piwie. 

In  many  of  the  fireproof  office  buildings,  where  fires  of  much 
less  intensity  and  shorter  duration  uct'urred,  a  majority  of  the 
better  makt^s  of  safes  preserved  tlieir  contents  in  a  fairly  satis- 
factory manner.  In  most  of  these,  however,  the  papers  were 
seorched  and  discolored ^  and  in  some  cases  destroyed*  There 
were  very  few  intitances  where  pajier  documents  were  preserved 
Without  injury.* 

I  Vaults* 

Usual  Inefficient  Construction.  —  In  modem  offiee  buikl- 

ings,   wiiere    vauhs  are  retiuired  on  each   and  every  floor  for 

the  convenience  of  tenants,  tJiey  have  either  been  built  in  aH  or 

I  in  the  principal  offices,  or  else  one  larger  %'ault  fias  bec^n  provided 

Ion  each  floor  (opening  from  a  corridor),  in  wdiich  a  sufficient 

number  of  vault  boxes  are  placed  to  accommodate  the  tenants  of 

thai  floor.     The  usual  construction  of  auch  vaults  has  been  in- 

t  efficient  to  a  degree. 


.yf.f^lt.v,Vf-mfw.A>HK:A 
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Fia.  352.  ~  Inefficient  RoUow  Tile  Vaults. 

Fig.  352,  which  is  taken  from  a  catalog  published  some  years 
ago  by  a  hollow  tile  fireproofing  company,  was  intendetl  to  sug- 
gest the  proper  construction  of  office  vaults  buiJt  of  hollow  tile  — 
praclicully  the  only  material  then  usetl  for  such  vaults.  This 
illustration  should  have  been  labelled  "How  vaults  should  7\ol  be 
built." 

*  A.  L,  A.  Hiouuetwright  iu  *'tbi&  S&a  Frftaousco  ^BksAAis^jMJto  ws^1\3»,^' 
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In  the  report  of  the  Nationtil  Fire  Protection  Association  ^ 
the  Bull t more  tire,  the  following  description  is  Riven  of  the  offioi 
vaults  in  the  Continental  Trust  Company's  Buililing. 

Numerous  vaults  carrn^l  on   floor  arches.     Sides   of  5-iti. 
hollow  tile,  ti>pH  of  ;i-in.  hollow  tile  od  T-irons;  double  iroD  doora_ 
with  no  in^iulution  and  i^'parateil  14  i!it'he>s,      tDuter  door  i\-ifl" 
sheet-.steel  on  framing  f>t"  J-iii.  by  ti-in.  by  i^-in.  angles.      Inne 
door  I'i.-iti.  sheet-steel  on  framing  of  sf rap-iron  t^-'m.  by  2  inche 

The  report  adds  that  the  ''contents  of  a  large  number  of  vaultj 
on  different  floors  were  destroyed." 

Vaidt.H  t'onHtrurted  as  illu^^t^ated  in  Fig,  352  are  faulty 
many  partieiilars.  The  insulation  against  heat  is  insufficientS 
the  construetion  of  the  walk  —  often  merely  partitions  —  is  not 
rigid  enough  to  resist  even  hose-streams,  while  the  roof  or  cover- 
ing is  not  strong  enough  to  withstand  moderate  loads,  to  say 
uothing  of  blows  reBulting  from  falling  d6bris. 

Irrespective  of  any  danger  from  fall8,  no  reliance  should  be 
placed  u[Kjn  the  otRce  vaults  found  in  modern  ofhce  buildings 
unleSvS  ins  pee  t  ion  shall  whow  that  the  individual  vault  is  worthy 
of  a  degree  of  confidence.  Tliin  is  because  many  of  these  so-calleil 
vaults  are  not  vaults  at  all,  but  are  merely  lock-up  boxes,  made  of 
common  mortar  and  biittle  hollow  tile.  ■ 

In  addition  to  the  above  defects,  the  vault  doors  are  commonly 
made  of  too  lif^ht  imd  too  cheap  const  ruction  to  he  effu'ient  in  the 
time  of  nc^xl  f<ir  which  they  were  placed,  and,  also^  doors  have 
frequently  be(^n  plat^c^d  on  tup  of  wood  screeds  or  flooring. 

Vaults  in  Baltimore  Fire.  —  I 

Vaults  made  of  ordinary  terra-cotta  tile  5  ins.  thick  and 
carried  on  the  floors  and  striictural  frame,  faile<J  in  a  number  of 
caseSj  due  to  the  fact  that  the  tile  was  fragile  and  was  cracked  or 
broken  by  the  heat.  About  25  per  cent,  of  the  contents  of  tile 
vaults  were  destroyed.  Some  of  these  tile  vaults  alsi>  lunl  double 
doors  each  made  of  a  single  thickness  of  slieet-ste<'l  with  no  in.sul:i- 
tion  agaimt  heat.  In  a  number  of  cases  the  inner  duor  had  been 
lift  open  and  the  lieat  w-hich  ratliated  through  the  outer  door 
destroyed  the  content^» 

Vaults  made  of  brick  walls  built  up  from  the  ground, 
pectally  those  having  ilouble  walls  with  air-space  between,  ma 
a  remarkably  good  showing  when  provided  w^ith  double 
doors,  the  outer  one  being  filleil  with  about  4  ins.  of  cement  f0 
iiisulatii»n  against  heat.* 


*  Natiuuai  Fife  Proteetioa  AseociatioD  Committee  Report. 
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Vaults  In  Sail  Iraorlsco  Fire.  — 

In  in;5.ny  at  (fje  nil  ice  huih.lin^H  in  8fUi  Frjtnf.usco,  suites  ol 
offices  were  eijiiip|>p4  with  vaults^  some  of  vvhieh  were  fairly 
capacious  and  i)nivided  with  ihrnvti  of  nicjre  or  h^n  efficient  ap- 

Coarance,  a  number  of  Uirni  having  the  ordinary  ve^itihule,  with 
oih  inner  and  older  door?^.  Where  the  interior  partitions  of 
the  buitdinff  (^onsiwtcd  of  nietal  furririK.  lathing  and  phiHteVp  tlie 
walls  of  the  vault  a  were  likewise  of  these  materials.  \Miere  the 
interior  partitions  f^onsisted  of  hollow  tile,  the  w^allts  of  the  vaulLs 
were  of  nollow  tile  alf?o.  Although  I  examintHl  a  li^reat  many,  I 
(lid  not  set^  a  single  vault  partitioned  off  ei(her  with  metal 
lathing  and  plaster  or  with  hollow  tiles  that  preserved  its  con- 
tents. .  .  . 

In  the  Baltimore  fire  there  were  a  number  of  vaults  walled 
off  with  hollow  tiles,  and  all  that  I  hapi>rnetl  to  Kpe  during  my 
inspection  of  the  ruiiLs  in  Baltiiiiore  hau  failed.  The  same  thing 
was  in  evidence  everywhere  in  San  Francisco,  and  it  is  rny  opinion 
that  this  result  could  have  been  predict e<^l  with  absolute  certainly 
at  the  time  these  vaults  were  built,  from  fiata  then  available. 
To  all  external  appearances^  no  doubtj  the  vaults  looked  like 
eecure  plact^  in  which  to  keep  valuables;  as  a  niatlcr  of  fact,  they 
"were  the  flimsiest  kind  of  shells,  not  capable  of  resisting  any  sort 
of  determined  attack  from  either  Bre  or  burglars.  The  tenant 
would  have  been  better  ofi"  without  the  vault,  for  in  that  case  he 
wo\dd  probably  have  carried  his  papers  to  some  other  point  where 
they  would  have  had  a  better  chance  to  escape  the  fire. 

The  only  vaults  1  saw  that  earae  through  a  really  fierce  fire 
without  damage  were  those  built  of  brickwork.  Even  these 
vaults  did  not  always  protect  their  con  tent  s,  however.  I  saw  a 
number  of  them  opened  in  which  the  content^s  had  been  totally 
destroyed.  As  they  seemed  to  be  fairly  good  vaults,  thi.'^  result 
was  a  matter  of  more  than  ordinary  interest,  I  therefore  care- 
fully examined  a  number  of  ttiem  and  discovered  that  the  fire  had 
gained  actress  through  cracks  due  to  settHng,  or  to  t he  e/irthquake, 
or  else  through  unfilled  joints,  due  to  poor  workmanship  m  the 
onginai  construction  of  the  vault.  It  appeared  that  fyrobably 
the  eon  tents  of  the  building  were  burning  fiercely  around  the 
vault  before  the  floor  above  had  burned  out  or  colhipsed,  so  as  to 
give  full  vent  to  the  gases  of  combustion.  Sou^e  iiressure  m\ist 
have  been  genera ttnl  by  the  great  heat  tluis  confined,  and  under 
this  pressiu-e  the  incandescent  gases  resulting  from  the  fire  found 
llieir  way  tlirough  I  he  smallci?t  and  most  torhious  passages  in 
the  brie  It  work.  In  several  cases  it  was  apparent  that  the  eon- 
tents  had  probably  been  igrrited  by  a  small  txingue  of  fiame  (prob- 
ably not  thicker  than  a  lea^l  pencil)  penetrating  into  the  vault 
as  a  rej^ult  of  such  conditions. 

A  few  vaults  faile(J  owing  to  the  fact  thai  the  outer  door 
w^arped  and  pulled  away  from  the  frame.  Whether  tins  warping 
could  have  been  prevented  with  an  adequate  number  of  b<-dts  I 
do  not  know,  but  m  an  important  vault  it  would  seem  worth  whde 
to  have  the  outer  door,  at  least,  filled  in  the  satne  iiiaTsiiRit  *as»  'Oafc 
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ihmr  of  fl,  fireproof  siih'.     If  if  wore  buill   in  this  way  it  woi 
probably  not  warp  —  at  least  not  enough  tu  let  the  fire  in.* 

VaultH  with  wall^  of  ( inder  concrelp  4  ina.  thick  came  tlirough 
the  San  FranfiHro  fire  witliout  damage  to  contents. 

Proper  Construetlon  of  Vaults.  ^  In  the  design  of  vaulta 
for  the  preservation  of  valuahk-  papers,  et€-,  in  office  buildini 
town  haEs,  mercantile  btiildinRs  and  the  hke,  great  impi 
ment  is  neccjwary  over  usnal  practice.  Inihvidual  vaiiHs 
separate  offices  of  office  fjuildings  should  be  avoided,  - 
budt  in  tiers  as  dci^eribf^d  below,  —  aini  .should  be  replaced 
tiers  of  corridor  Viiults,  in  which  the  wtdls  shoulil  start  at 
foundat  ions?  and  run  continuous  to  the  top  of  the  uppermost  vai 
Such  walla  ^should  be  of  brick,  not  less  than  8  or  ItD  ins,  thick,  tit 
with  comer  irons  at  all  angles,  and  laitl  in  good  Portland  cemeDt 
mortar^  all  joints  thoroughly  pointed.  Or,  reinforced  concrete 
walk,  4  ina.  thick ^  may  be  usetl  as  adequate  under  all  ordinarj' 
conditions.  Compare  with  paragraph  '*  Concrete  Spandrel 
Walls,"  Chapter  XX,  page  656.  The  floor  of  each  vault 
(preferably  forming  the  ceiling  of  the  vault,  below)  should  be 
independent  from  the  surrounding  Hoor  areas,  and  should  either 
be  of  especially  heavy  and  deep  hollow  tile  arches,  or  better,  of 
reinforced  concrete  or  brick  arches.  The  roof  of  the  top  vault 
should  be  equal  to  a  floor  in  stability  if  higher  building?;  are 
adjacent.  Finished  floors  of  vaults  should  be  of  cement  or  other 
incombustible  material^  and,  in  order  to  further  protect  the  doors, 
a  threshold  of  cement  or  otJier  incombustible  flooring  should 
project  at  least  one  foot  into  each  room  in  front  of  the  d*>or. 
Each  tier  of  vaults  should  be  independent,  as  to  stability,  from 
all  other  construction,  antl  special  attention  sliotild  be  paid  to 
providing  adequate  foundations,  so  that  no  settlement  niay  take 
place. 

If  vaults  are  to  be  used  by  vaiioua  tenants,  standard  ^*  vault 
boxes,"  24  X  24  X  24  inches  in  size,  may  be  installed. 

Taiilt  Doors,  —  In  many  of  the  okler  fire-resisting  buildingB, 
lack  of  foresight,  keen  competition,  and  a  too  close  scrutiny  into 
the  first  cost,  led  to  the  installation  of  very  many  cheap  vault 
doors,  unworthy  of  any  reliance  whatever.  Those  previouBly 
described  as  found  in  the  Continental  Trust  Co/s  Building  »!%* 
unfortunately,  only  too  common.  The  experiences  of  Baltimore 
and  Sun  Francisco,  however,  liave  shown  so  conclusivdy  the  folly 

•  Captftin  Sewell,  In  United  States  Geological  Surv^-  Bulletin  No.  324. 
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of  such  economy^  tluit  n  ^miual  improvemeat.  in  the  qnalily  ^ised 
haH  been  taking  plai^je  of  late  yeiirs,  until  now  far  better  grades 
of  vault  doors  are  being  made  and  sold  than  have  been  demanded 
in  the  past. 

The  scM^alled  ** standard*^  vestibule  door,  made  wit.li  minor 
differences  by  the  various  safe  manufacturers,  but  generally  with 
a  single  T:^,";-in.  outer  plate  door,  with  vestibule  and  inner  doors,  is 
wholly  unfit  for  use  exc^ept  under  the  very  llghtej^t  hazards.  For 
moderate  hazarrls,  the  ouler  rlmir  filiould  be  made  of  not  less  (han 
5-in.  Bessemer  steel  plate,  while  for  ^severe  hazards,  a  double 
outer  door  is  essential.  Tins  may  be  made  of  J-in.  outer  and 
J -in.  inner  Be,ssemer  steel  platens,  with  ao  intervening  air-spaee, 
or  the  latter  space  may  preferably  be  eetnenl- filled,  or  insulated 
by  non-heat-condueting  material.  The  total  thickness  of  such 
doors  is  IJ  ins.  The  bolts  are  then  amply  protected^  and  with 
the  air-space  of  the  ventibub  and  the  added  protection  of  the 
inner  vestibule  doors,  contents  Khould  be  safe.  Another  gootl 
point  of  the  double  outer  door  is  that  such  types  are  usually  pro- 
vided with  three  hinges  instead  of  two  as'  in  the  cheaper  grades. 

^tt;ilig  of  Vault  Doors.  —  Vault  doors  are  not  usually  placed 
in  position  untd  the  building  is  nearly  completed.  The  plaster- 
ing should  be  finished,  and  thoroughly  dried  out,  so  that  the 
doora  may  not  be  subjected  to  undue  moisture. 

The  openings  left  in  the  masonry  walls  are  usually  made  one 
inch  wider  and  one-half  inch  higher  than  the  outside  dimeusiona 
of  the  vestibule.  The  inner  flaT\ge  or  frame  of  the  vent  ibid  e  m 
first  removed,  the  vastihulc  and  doors  inserted  in  the  opening, 
anfl  the  inner  flange  replaced.  Before  the  latter  operation,  how- 
ever^  great  care  shouhl  be  takeii  to  see  that  the  spac^e  between 
the  wall  and  the  vestibule  m  thoroughly  filled  or  grouted^  A 
careless  joint  may  easily  prove  the  ruin  of  the  contents.  In  this 
connection,  the  writer  know^a  of  a  case  in  the  C'helsea  conflagra- 
tion where  the  contents  of  the  vault,  of  a  banking  institution  in 
that  city  were  completely  destroyed  because  the  \'ault  door  had 
been  placed  within  a  brick  wall  opening  with  rowlock  or  arclied 
head,  and  the  space  between  the  top  of  the  vault  door  and  the 
rowlock  had  been  filled  in  with  wootl,  faeixl  with  plaster. 


Construction  of  Large  Vault^^. 

For  vaults  larger  than  t  he  ordinary  ofljce  building  type,  double 
brick  walla  with  an  air-space,  or  rtdnforeed  CQuextiXfe  ^^^Kka  n^\\2cl 
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an  air-space,  are  often  used.  For  the  former,  a  20-m.  wall  mad 
of  two  walls  of  one  and  a  half  bricks  each  has  been  found  rdiaUi 
The  air-space  should  be  ventilated  by  providing  vents  from  tk 
bottom  of  the  vault  into  the  air-space,  and  from  the  top  ol  tk 
air-space  into  the  outside  air,  such  inlets  and  outlets  not  to  bi 
placed  opposite,  but  as  far  as  possible  from  each  other.  The  top 
of  such  vaults  are  usually  made  solid,  without  airHSpace. 

In  considering  the  safety  of  large  or  basement  vaults,  em 
when  all  other  conditions  are  apparently  favorable,  und^rwriteo 
should  ascertain  whether  the  vault  was  originally  built  oompfeta 
as  a  continuous  structure.  This  is  because  vaults  which  an 
merely  composed  of  three  sides,  built  in  the  comer  of  an  oU 
building  in  some  instances,  have  no  reliable  bond  between  the 
old  masonry  and  the  new,  and  also  are  liable  to  have  fire  enter 
through  cracks  caused  by  settlement  of  the  original  buildiiift 
In  other  words,  a  complete,  independent  vault  is  the  {veferred 
type.* 

If  large  vaults  are  placed  in  first  story  or  basement,  the  strength 
of  the  vault  roof  is  important,  owing  to  the  possible  oollapse  of 
the  building,  or  portions  thereof,  above.  If  in  basement  or  sub- 
basement,  the  vault  doors  should  either  be  tested  to  prove  wato^ 
tight  qualities,  or  else  provision  should  be  made  for  carrying  off 
water  due  to  possible  fire  engine  streams,  leakage  or  breakage  of 
water  mains,  etc.  In  the  Equitable  Building  in  New  York  City, 
which  was  destroyed  by  fire  January  9,  1912,  it  was  estimated  ; 
that  the  many  Safe  Deposit  and  private  vaults  located  in  the 
building  contained  securities  and  other  valuables  to  the  amount 
of  approximately  one  billion  dollars.  None  of  the  vaults  was 
exposed  to  severe  direct  heat,  but  considerable  damage  to  eon- 
tents  was  occasioned  by  water.  As  a  result  of  experience  gained 
in  this  fire,  Mr.  F.  J.  T.  Stewart  of  the  National  Board  of  Fire 
Underwriters  gives  the  following  conclusions  and  recommen- 
dations. 

VauUs.  —  Public  safe  deposit  vaults  and  others  intended  to 
practically  guarantee  the  safety  of  their  contents  against  damage 
of  any  kmd  should  be  designed  to  provide  positive  protection 
against  fire,  water  and  impact. 

Such  a  vault  should  embody  the  following  characteristics: 
An  outer  casing  of  concrete  at  least   12  inches  thick  to 

♦  Report  of  National  Fire  Ptolec\,\ou  Xsaociation  Committee  on  "Vaulti 
and  Safes." 


SAFES,  VAUI/rS,  METAL  FURNITURE,  ETC.  835 

isulate  against  heat,  and  so  reinforced  with  steel  as  to  have  ample 
irength  to  resist  impact.  The  foundations  should  rest  directly 
Q  the  ground  and  be  of  masonnr  or  of  structural  steel  designea 
ith  a  large  factor  of  safety.  The  steel  to  be  fireproofed  with 
3inforced  concrete  at  least  6  inches  thick.  The  foundations  as 
'ell  as  the  floor,  roof  and  sides  of  vault  should  be  independent 
f  the  building  structure. 

There  should  be  an  inner  shell  of  steel,  at  least  1}  inches 
hicky  provided  with  suflScient  clearance  so  that  any  moderate 
efiection  of  the  outer  casing  would  not  crush  it.  The  outer 
aasonry  casing  and  the  inner  steel  shell  should  be  waterproofed; 
ikewise  the  vestibule  doors  should  be  stepped  and  packed  so  as 
o  prevent  smoke  or  water  from  entering.* 


Metal  Furniture,  Etc. 

Its  Balson  d'etre.  —  The  fundamental  ideas  which  have  led 
io  the  greatly  extended  use  of  metal  furniture,  etc.,  during  the 
past  few  years:  are,  1. —  to  prevent  incipient  fires  through  the 
use  of  incombustible  furniture  and  fittings,  etc.,  2. —  to  prevent 
the  spread  of  fire,  and,  3. —  to  reduce  the  combustible  contents 
of  buildings  to  a  minimum. 

1.  The  use  of  metal  furniture,  like  that  of  metal  trim,  is  a 
great  factor  in  fire  prevention.  A  gas-jet  or  an  overheated  stove 
will  not  start  fire  in  surrounding  trim  if  the  latter  be  of  metal. 
Similarly,  a  burning  scrap-basket  will  not  ordinarily  start  fire 
in  an  office  if  under  or  adjacent  to  a  metal  desk. 

2.  While  metal  furniture  may  not  lay  claim  to  any  great 
degree  of  fire-resistance,  still  it  will  not  carry  flame,  and  hence 
incipient  fires  may  be  more  easily  controlled. 

3.  If,  through  exposure  or  otherwise,  fire  is  once  present  in  any 
degree  of  severity,  the  use  of  metal  furniture,  shelving,  etc., 
if  consistently  carried  out,  has  at  least  reduced  the  combustible 
fittings  to  a  minimum. 

It  has,  however,  previously  been  pointed  out  that,  no  matter 
liow  fire-resisting  a  building  may  be  made,  this  quality  becomes 
of  no  avail  if  fire  is  once  started  in  a  sufficient  amount  of  com- 
bustible contents.  Hence,  where  any  great  quantity  of  com- 
bustible stock  or  contents  exists,  too  much  reliance  should  not 
be  placed  in  metal  fittings  or  shelving,  etc.,  to  hold  such  stock, 
but  auxiliary  means  of  protection  should  be  provided  as  explained 
in  following  chapters. 

♦  See  "  Report  on  Fire  in  the  Equitable  Building.'! 
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AdTantoges  (rf  Use.— The  great  province  of  metal  fumitun; 
etc.,  is  to  prevent  the  origin  and  spread  of  fire  —  not  to  mthstaii  s 
it.  But,  besides  beiag  incombustible,  it  is  durable, .  aanitaijt  t 
unaffected  by  moisture,  and  impervious  to  vermin.  Withal,  iti  i 
susceptible  of  very  pleasing  finishes  in  baked  enamel  coatingi  1 
lacquers  or  electro-plates. 

Inereasiiig  Use  of.  —  A  great  variety  c^  furniture,  fittinft 
etc.,  suitable  for  offices  of  all  kinds,  stores,  banks  and  pablie 
buildings,  is  now  made  by  the  leading  companies  engaged  in  thii 
line  of  business.  The  catalogs  of  the  Art  Metal  Constructioo 
Co.,  Jamestown,  N.  Y.,  —  The  Library  Bureau,  New  York  and 
Boston,  etc.,  —  the  Van  Dom  Iron  Works  Co.,  Cleveland, 
Ohio,  —  The  Berger  Manufacturing  Co.,  Canton,  Ohio,  —  and 
of  other  firms  making  these  products,  both  illustrate  and  de- 
scribe the  wide  range  of  articles  now  made  in  steel.  The  gradu- 
ally increasing  cost  of  wood  vs.  improvements  in  processes  of 
manufacture  of  steel  products  is  steadily  tending  to  equaiiie 
the  first  cost. 

The  use  of  metal  filing  cases,  desks,  counter  fittings,  etc.,  in 
offices  and  banks  is  now  famihar  to  all,  but  a  four-story  office 
building,  fitted  throughout  with  metal  furniture,  is  still  something 
of  a  novelty.  This  is  true,  however,  of  the  Administration 
Building  of  the  Larkin  Co.,  Buffalo,  N.  Y.,  in  which  not  only  the 
doors,  trim,  etc.,  are  of  steel,  but  all  desks,  tables,  chairs,  filing 
cases,  showcases,  lockers  and  even  hat-  and  coat-racks  are  of  the 
same  material. 

The  use  of  metal  furniture  and  filing  cases,  etc.,  is  particularly 
applicable  to  buildings  or  rooms  used  for  the  storage  of  valuable 
papers  or  docimients,  such  as  governmental  offices,  state  houses, 
city  halls,  court  houses  and  the  like.  Some  states  have  already 
passed  laws  prohibiting  the  use  of  wood  or  other  combustible 
furniture  or  trim  in  rooms  containing  documents  of  public  record. 
Had  such  furniture  been  installed  in  the  Capitol  building  at 
Albany,  N.  Y.,  priceless  historical  documents  might  have  been 
saved.  It  was  doubtless  this  object  lesson  which  led  to  the  fire* 
test  which  was  held  in  the  courtyard  of  the  Senate  office  build- 
ing, Washington,  D.  C,  May  3,  1911,  to  determine  the  relative 
value  of  wood  and  steel  filing  cases.'  The  result  plainly 
demonstrated  that  steel  cases  can  be  subjected  to  a  fire-test 
of  considerable  severity  without  destroying  the  papers  contained 
therein. 
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teel  Sheivins.  —  In  retail  and  wholesale  stores,  factories, 
the  hke,  the  usual  highly  combustible  wood  shelving  used  for 
storage  of  goods  may  be  replaced  with  great  advantage  as 
rds  room,  strength,  resistance  to  vermin,  and  noncombus- 
ity,  by  adjustable  metal  shelving  on  metal  uprights.  The 
nplex"  steel  shelves,  manufactured  by  the  Van  Dorn  Iron 
ks  Co.,  are  of  this  character. 


CHAPTER  XXVIII. 
SPECIAL  HAZARDS. 

Special  Hazards,  in  insurance  phraseology,  denote  thoff 
hazards  which  are  incident  to  special  processes  of  manufacture 
involving  considerable  fire  risk.  See  page  313.  As  here  used, 
special  hazards  are  intended  to  cover  certain  fire  dangers  whicli 
arise  from  the  storage  or  handling  of  especially  dangerous  mate- 
rials, or  other  special  dangers,  such  as  hghtning,  to  which  afl 
classes  of  building  construction  are  liable. 

Spontaneous  Combustion.  —  The  chemistry  of  spontaneous 
ignition  is  simple.  Decomposition  is  a  slow  combustion.  The 
human  body  slowly  burns  to  ashes  in  the  grave.  Oxygen  uniting 
with  carbon  produces  heat.  If  they  unite  rapidly  enough,  in 
sufficient  quantities,  the  combustion  is  visible  in  flame.  If  they 
unite  slowly,  as  in  the  decay  of  organic  bodies,  the  heat  escapes 
unnoticed.  Rapid  chemical  action  will  start  visible  combustion 
as  easily  as  the  application  of  the  torch. 

Oils,  etc.  —  Vegetable  oils,  spread  over  easily  carbonized  sub- 
stances, such  as  cotton  rags  or  waste,  will  ignite  the  latter  very 
quickly.  The  cotton  fibre  furnishes  a  sort  of  tinder.  Animal 
fats,  hke  tallow,  butter  and  lard,  especially  if  rancid,  will  ignite 
under  conditions  similar  to  the  above,  but  they  are  not  such  great 
offenders  as  the  vegetable  oils  —  cottonseed,  nut,  castor  bean, 
olive  and  especially  linseed. 

Prof.  John  H.  Bryan,  principal  of  the  ward  schools  of  Marion, 
Indiana,  stated  at  a  recent  meeting  of  school  superintendents 
that  twice  he  had  found  mops  used  by  the  janitor  in  oiling  the 
floor,  burned  to  ashes,  it  being  evident  that  the  building  each 
time  narrowly  escaped  being  fired.  To  prove  the  nature  of  the 
trouble  Prof.  Bryan  saturated  several  mops  with  the  oil  and  hung 
them  up  in  a  safe  place  for  observation.  A  mop  saturated  with 
oil  at  5  p.m.  was  found  to  be  very  warm  at  7  a.m.,  and  in  one 
instance  a  mop  was  watched  until  it.  burst  into  flame.  It  is 
possible,  indeed  probable,  that  many  fires  reported  as  of  "in* 
cendiary'^  or  *'mysterio\is"  oy\^yw,  result  from  such  causes,  for 
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uiilQes  such  fires  are  discoverpfl  at  ttioir  inception,   tliey  soon 
destroy  all  evidence  as  to  origin. 

The  products  of  petroleum,  i!uch  as  kerosene,  gasolene  and 
naphtha,  do  not  ignite  «pon(  aneouisly,  but  rags  or  vvaKtc  saturated 
thernwith  constitute  ii  great  hazard,  due  to  their  highly  inflam- 
ID  able  nature. 

WooL — The  po.ssi!)iHty  of  spontaneous  if^nition  oceurrinjz 
in  raw  wo«jI  htus  lung  ijcen  diseuswsed-  Heretofore  the  general 
opinion  seems  to  have  been  that  wool  will  not  take  fire  .spon- 
taneously. An  investigation,  however,  discloses  some  well 
Hutlicnticated  cases  of  fire^  in  wool  which  undouht'WJly  originated 
from  this  eaus€^,  and  leads  to  the  conclusion  that  under  ctTtain 
conditions  fires  in  some  kinds  of  wool  may  take  j>lace  from 
spontaneous  ignition.* 

Charcoal.  — -  See  paragraph  ^*  Steam  Pipes, '^  page^  840. 

Coal,  —  The  spontaneous  combustion  of  coal  begins  with  slow 
oxidation  where  the  heat  (ievelopeci  cannot  be  carried  away. 
Dust  und  fine  coal  expose  large  sur facets  (o  oxidation.  Rehan- 
dling  stored  coal  after  the  first  oxidation  largely  prevents  furl  her 
heating. 

An  investigation  into  the  S|XJntaneoU8  combust  ion  of  coal 
made  by  Prof.  H.  W.  Parr  and  Mr.  F.  W.  Kressman,  of  the  Uni- 
versity of  Illinois  J  .suggests  the  following  prec-autionary  measures 
as  regards  the  storage  of  coal: 

(1)  Avoidance  of  external  sources  of  heat;  (2)  elimination  of 
dust;  (3)  dry  storage;  (4)  artificial  treatment  with  chemicals; 
(5)  preliminary  heating  to  effect  the  inilial  Hti^igea  of  oxidation; 
antl  (ti)  submerging  I  he  coal  in  water. 

Similar  reconiim^ndation.s  regarding  the  storage  and  handling 
of  coal  ai-e  given  by  Messrs.  H.  C.  Porter  and  F.  I\.  Ovitz,  of  the 
Bureau  of  Standards,  Washington,  D.  C,  as  follows: 

With  full  a]:>preciation  of  the  fact  that  any  or  all  of  the 
following  recommendationH  may  under  certain  conditions  be 
found  impracticable,  they  are  offered  as  being  advisable  pre- 
cautions for  safety  in  storing  i?oal  whenever  their  use  does  not 
involve  unrea^sonable  expense. 

(1)  Do  not  pile  over  12  ft.  deep,  nor  so  that  any  point  in 
the  interior  will  be  over  1 0  ft.  from  an  air-cooled  surface. 

*  For  morfi  complete  informalion,  nee  "  SpontaneoiLs  Ignition  of  Wool/*  by 
Mr.  Ronjamin  HicbiiniH,  in  National  Firt*  Protccticjti  AaHociulioa'a*"  Quarterly," 
January,    lUII. 

t  See  "Ttie  Spont^ieoua  CktmbusLlon  of  Cuol,"  En^jfineeriTiq  Ne\D%,  M.vj  \, 
lOU. 
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(2)  If  possible^  &tore  only  lump. 

(3)  Kepp  (lust   out  as  triuch  as  possible;   reduce  handli| 
to  a  miniraiim. 

(4  J  Pill?  .so  that  lymp  and  fine  are  distributed  as  evenly  I 
I  possible;    do  not  mHovy  lumps  to  roll  do^^Ti  a  pile  and  form  ; 
ipaasages  at.  the  bottom. 

(5)  Rehandle  and  .screen  after  two  innnths, 

((>)   Keep  away  external  sources  of  even  moderate  beat, 

(7 )  Allow  six  weeks'  '  *  wejiKoning ' '  af  t  er  m  in ing  before  ston 

(H)  Av^oid  alternate  weltini^  and  drying. 

(t))  Avoid  admission  of  air  to  interior  of  pile  tlirough  mU 
8tice!4  around  foreii^  objeetA,  siieh  as  timbers  or  irrei^iilar  bricfi 
work;   atso  through  porous  hoflomr;!,  such  as  coarse  cinders. 

(10)  Do  not  try  to  ventilate  by  pipes,  as  more  harm  th| 
good  is  often  done.* 

Steam  Pipes.  — 

A  number  of  investigators  have  attempled  to  produoe  fin 
by  bringing  steam  pipes  into  contact  with  variouH  eombustiblr^ 
materials,  but  as  t  he  duration  of  the  experiments  was  eompant- 
lively  short,  few  actual  fires  resulted-  The  com^lusions  genenilly 
drawn,,  however,  were  that  any  steam  pipe,  no  matter  how  low^ 
the  pre^^ure,  would  in  course  of  time  produce  charcoal,  and  th 
when  this  stage  w^a*s  reached  positive  danger  existed.  Charco 
m  unquc>slionably  subject  to  si>nntaneous  ignition.  Thi.s  is  diif 
largely  (o  its  peculiar  abiJity  to  absorb  from  the  air  many  times 
its  own  volume  of  oxygen.  This  is  held  in  the  minut  e  pores,  which 
exist  in  all  forms  of  w^fxtd  chareoaL  The  (Dmbinalion  of  this 
oxygen  with  the  carbon  may  take  place  with  sufficient  rapidity 
to  raise  the  temperature  to  the  ignition  point.  Fiirtbermore, 
charcoal  formed  at  a  low  temperature  is  know^n  to  have  a  low 
ignition  point. f  ~ 

The  hazard  of  steam  pipe«  is  materially  increased  where  lb 
heat  is  in  any  way  confinf^],  or  where  contact  exists  with  materiais 
more  flammable  titan  wood.     Steam  pipes  should  especially  be 
insulated  from  materials  subject  to  s|>fmtanr*ous  ignition,  such  as 
oily  wtiste,  celluloid  or  cord  dust.     Also,  such  in.sulation  is  rna 
important  in  connection  with  high  pressure  pipes  than  whe 
ppiBg  is  used  for  exhaust  steam  only. 

Steam  pipes  may  be  kept  frt^e  from  combustible  materials 
either  by  insulating  as  wdth  a  pipe  jacket,  or  by  supporting  them 
rigidly  at  a  safe  distance. 

*  See  "Deterioration  of  Coal  m  Storage/'  Enffineering  NetM,  JiuiuAry  I 
1912. 

t  &ee  **Firc  Dangers  of  Steam  Pipes"  (quotine  RPtual  fires,  etc.),  by  1 
Independeocc  InspecVujii  Bureau,  m  Natioaal  Fire  Protection  Aa 
"QuarCcriy,'*  Jiinuary,  \^\\. 
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rounded  by  a  piece  of  pipe  or  tubing  of  sufficient  diameter  to  leave 
an  annular  space  of  at  least  one-half  inch,^  which  should  be  filled 
with  asbestos  paper.  The  collars  are  used  for  the  sake  of  ap- 
pearance only. 

In  both  of  the  above  cases,  where  the  piping  passes  through 
combustible  construction,  the  jacket  should  preferably  be  of  the 
full  length  of  the  concealed  space. 

Fig.  355  illustrates  the  second  method  of  protection,  wherdn 
the  pipe  is  supported  on  a  bar-iron  bracket  which  may  be  lagged 


Removable 
Strap 


Clearance  at 
least  1^* 

Fio.  355.  —  Supporting  Braokets  for  Steam  Pipes. 

to  the  woodwork.     The  clamp  strap  is  removable.     At  least  IJ 
inches  clearance  from  woodwork  is  advisable. 

In  the  application  of  any  of  these  methods,  the  following 
points  should  be  borne  in  mind: 

First,  that  pipe  coverings  are  not  capable  of  resisting  appre- 
ciable mechanical  strain,  and  that  they  should  be  called  upon  to 
act  as  an  insulator  and  not  as  a  support.  With  small  vertical 
pipes  metal  supports  are,  however,  not  essential. 

Second,  that  cutting  a  large  hole  for  a  steam  pipe  is  not 
sufficient,  as  a  pipe  is  almost  certain  to  sag,  expand,  or  contract, 
and  thereby  come  into  contact  with  the  side  of  hole  in  which  it 
was  at  one  time  central. 

Third,  that  a  steam  pipe  should  be  covered  wherever  it,^ 
concealed.     Even  if  there  appears  to  be  no  likelihood  of  any  lo^ 
combustible  material  getting  onto  pipe  when  same  is  put  in  p 
there  is  always  danger  of  accumulation  of  rubbish  around  pij* 

Gasolene.  —  For  rules  and  regulations  of  the  National  .tkem 
of  Fire  Underwriters  concerning  the  storage  and  handliu 
gasolene,  see  "Storage  Tanks,  Piping,  etc.,"  in  connection  :    j 
garages,  page  817.     See,  also,  **Fire  Tests  with  Liquid  Pe    ' 
jeum  Products,"  Chapter  XXXII,  page  934. 


*  lUd. 


Explosives.*  — 

Section  5G.  —  Any  person,  if  antlmrizntl  to  sell  giinpovvder 
in  the  original  package  only^  may  kepp  in  a  store  not  exceeding 
fifty  pounds^  of  gunpowderp  in  casks  or  tin  or  eo|>per  canistera,  to 
be  deposited  in  a  metal  receptacle  with  metal  handles,  and  plainly 
marked  '^Gunpowdiir";  and,  unle^  otherwise  specified  in  the 
permit,  loeated  on  the  lower  floor  not  more  than  six  feet  frfJin  the 
entrance  to  the  street^  sviiich  receptacle  shall  at  all  times  be  kept 
locked,  except  when  actually  necessary  to  obtain  access  to  its 
contents. 

Section  57.  —  Any  pernon  authorized  to  sell  gunpowder  at 
retail  may  keep  in  a  store  t.wenty-fi\x^  poimds  of  guTr]jowderj  in 
tin  or  copi^er  canisters  with  tin  or  copper  covers  tlnireon^  said 
canisters  to  be  ileposited  in  a  metal  receptacle  with  metal  handles, 
and  plainly  marked  ''(iunpowder;"  and,  unless  otherwise  speci- 
fied in  the  permit,  located  on  the  lower  floor  not  more  tlian  six 
feet  from  the  entrance  to  the  street,  which  receptatde  shall  at  all 
times  be  kept  locked,  except  when  actually  necessary  to  obtain 
access  to  its  contents. 

Section  58.  —  Any  person  keeping  gunpowder  or  detonators 
for  sale  shall  have  displayed  over  the  outside  of  the  principal  en- 
traace  from  the  street  of  the  store  in  which  such  gunpowder  is 
kept  a  sign  on  which  shall  be  painted  in  capital  letters  the  words 
^'Licensed  to  sell  Gunpowder,"  or  df^l.onators^  iuh  the  case  may  be. 

Section  5tl.  —  Any  per.s^tn  may  keep  for  ufiQ  not  exceeding 
five  pounds  of  gunpowder  in  a  building  or  other  structtjre  that  m 
not  a  magazine  and  is  not  used  for  a  dw^elhng  hoLLse,  but  said 
powder  shall  be  kept  in  a  canister  and  located  so  tlial  it  can  be 
easily  removed,  in  case  of  fire. 

Section  62.  —  No  person  shall  be  authorized  to  keep  for 
sale  guniJ<>wdi?r  or  detonators  in  a  building  any  part  of  which  is 
used  as  a  dwelling,  factoiy  or  school,  or  where  people  are  accus- 
tomed to  assemble. 

Section  63.  —  No  person   shall  be  authorised  to  keep   for 

sale  or  use  gunpowder  or  detonators  in  that  part  of  a  building 

where  crude  petroleum,  gjisolene,  naphtha,  benzine,  campiiene^ 

kbuming  fluid  or  fireworks  are  stored  or  kept;    and  a  |>ermit  to 

[keep  for  sale  gunpowder  or  detonators  may,  in  the  discretion  of 

jfcbe  authority  empowerwl  to  grant  the  same,  be  refused  in  any 

part  or  whole  of  a  building  where  cigars  or  cigarettes,  paints,  oils, 

arnishcs,  tar,  pitch,  rosin,  kerosene  or  any  compounds  contain- 

g  any  of  the  above-named  sub.stances  are  kept,  and  in  any  build- 

'g  in  which  any  carpenter  shop  or  drug  store  is  located,  or  where 

iy\  cotton  or  hemp  is  stored  or  kept. 


♦  For  a  valuable  diaciiaslon  conrernina  "Thu  Storage  of  Explosives,  Petro- 
^?urn,  and  Certaiu  Chemicals  in  Deuaely  lahablL^'il  Areas,"  see  Capt.  J.  H. 
, ''houisoTi,  Ctiief  Junpeetur  vi  KxpUmlvcfH,  T^jfiJon,  in  tho  British  Fire  Preven- 
*ion  Conunittee'ei  Report  tif  the  hiterniitioufll  Fire  Preventioii  CotMffeiR^  \jEnv 
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Section  64.  — All  gunpowder  exceeding  one  pound  in  amount  ] 
shall  be  kept  in  a  sub.Htantial  cu.se,  bag,  canister  or  other  rccep-j 
taele^  made  and  closed  so  as  to  prevent  the  gunpowder 
escaping.* 

Tlic  al>ove  regulations  of  the  Detective  and  Fire  Inspectid 
Department  of  the  District  Police  of  the  State  of  Massachusetl 
jshould  be  rigidly  enforced  by  the  chief  of  the  fire  department  in 
OJiy  city  or  towii,  or  by  the  chairman  of  the  board  of  selectmen  in 
a  town  not  having  a  fire  department;  notwithstanding  this, 
singular  laxity  regarding  the  hazards  of  explosives  was  di&clo 
by  the  fire  which  somewhat  recently  occurred  at  L»enox,  Ma 
In  this  instance^  the  burning  of  the  Clifford  Block,  which  re^ultei 
in  the  loss  of  six  UvcSt  cnllixl  public  attention  to  the  fact  tli 
explosives  and  highly  inflammable  substanccv^  had  been  per- 
mit ti?t  I  to  occupy  the  basement  of  a  store^  while  the  upper  flo 
were  devoted  to  dwelling  purposes.  Gunpowder,  djrnamiti 
cartridges,  turpentine  and  oils  made  a  combination  which  shou 
have  been  prohibited  under  any  conditions,  but  which  wa 
notliing  short  of  criminal  in  a  non-fire-ra^isting  building  used 
also  as  a  dwelling. 

Fireworks.  —  Sedwn  4.    No  permits  shall  be  granted  for  the 
sale  at  wholesale  or  retaU  of  fireworks  in  any  premisei?  used  for 
''  he  following  purposes: 

a.  Where  paints,  oils,  gjisolene  or  other  infiammable  liquid, 
tar,  pitch,  resin,  hay,  cotton,  hemp,  or  other  combustible  nbre 
or  stock  are  manufactured  or  kept  for  sale  or  storage,  or  in  any 
carpenter  shop  or  drug  store. 

h.   Where  dry  goods  of  any  kind  or  other  light  material  of  A 
combustible  nature,  excepting  fiags,  paper  lanterns,  paper  balloon 
decorations  or  newspapers,  are  kept  for  sale;    these  except io 

shall  be  stored  or  offered  for  sale  at  a  safe  dLstance  from  the  f 

worka.     The  accredited  representatives  of  the  Fire  Department 
shall  have  diJ^cretionary  powers  in  these  matters. 

c.  On  other  than  a  street  grade  floor. 

d.  Where  gunpoivder,  blasting  powder  or  other  high  explo- 
sives are  sold,  or  in  any  structure  considered  specially  haza 
ous  by  the  Fire  Department. 

B.   Where  cigars  or  cigm-ettes,  liquora  or  spirits  are  kept 
sale. 

Section  5.  —  In  buildings  or  places  in  which   fireworks  , 
stored  or  kept  for  sale  at  wholesale  or  retail,  the  following  i 
lationa,  with  all  others  mentioned  in  this  ordinance,  must 
observetl,  and  it  shall  be  the  duty  of  the  Chief  of  the  Fire*  Depa 
ment  or  his  authorized  agent  to  see  that  they  are  complied  witi 

*  From  the  Rtgnlation*!  governing  the  Keeping,  StoraiBB,  Maoafiiutufe. 
and  Use  of  CertaJu  Eiplu^WtA  'm  lb.e  'd\,et'Ui  til  ^\^aaa9aA.Wafttts. 


fl.  Safety  matchos  only  may  bo  kept  in  stock,  sokl,  given 
away  or  used. 

b.  No  fireworks  shall  be  exposed  for  sale  outside  the  walls 
of  any  building,  nor  in  any  doorway  or  bHow  window,  and  they 
muat  be  kept  remote  from  any  open  flame  or  fire  and  the  direct 
rays  of  the  sun. 

c.  Lighting  muL^t  be  bj^  electricity  (ineandescent)  or  other 
light  acceptable  to  the  Chief  of  Fire  Department, 

d.  Exits,  both  front  and  rear,  to  be  i>ro%dded  and  kept 
open  or  provided  with  doors  opening  outwara. 

Section  7.  —  When  a  permit  is  inwueci  to  sell  fireworks,  the 
j>erHon  or  person;^  receiving  the  permit  ^hall  eausii  tlic  word  ''Firk- 
woRKs/^  with  at  least  a  6-inch  blaek  letter  on  a  red  gi'ound,  to 
be  prominently  exposed  inside  and  outside  of  the  premises. 
There  sjiall  also  be  exposed  in  close  proximity  to  these  *' Fire- 
works" sigan  a  sign  with  at  least  6-inch  black  letters  on  a  white 
ground,  to  read  ''No  Smoking."  It  will  then  be  a  ndsdcmeaiior 
during  the  period  for  which  the  permit  has  been  granted  for  any 
person  or  persons  to  enter  said  premises  with  a  hghted  cigar^ 
cigarette  or  other  exposed  light  or  fire,  or  to  light  or  to  cause 
same  to  be  hghted  or  Durned  therein,  or  for  the  t>roprietor,  owcer 
or  occupant  to  knowingly  allow  such  lighttnl  or  burning  articles 
to  be  on  the  premises.  The  Chief  of  the  Fire  Department  may 
compel  the  exposing  of  signs  ^'Fireworka"  and  "No  Smoking 
in  more  than  one  language.* 

Prateetlon  against  Llghtnlng.t— Hehable  statistics  show 
that  lightning  is  the  cause  of  more  hres,  especially  in  town  or 
country  re-sidencea  and  farm  buildings,  than  would  popularly  be 
supposed.  Thus  in  Chapter  XXIV,  of  3,298  fires  in  residences 
where  the  causes  were  known,  272  were  occasioned  by  lightning. 
Mr.  Gerhard  also  cites  a  number  of  instances  in  wlueli  theatre 
buildings  have  been  struck  by  lightidngt  some  while  the  per* 
formance  was  in  progress.  He  therefore  advises  that  every 
theatre  should  have  sufficient  protection  against  lightning,  as 
such  protection  "may  prevent  the  outbreak  of  fire,  and  may  like- 
w^ise  serve  to  avert  serious  panic." 

Protection  aj^alnst  lightning  is  usually  twlvisable  on  country 
building,  on  isolated  buildings,  and  on  all  buildings  wherever 
located  having  elevated  features  sucii  jis  tall  chimney s,  steeples, 
high  peaked  or  gable  roofs,  and  flag  poles. 

•  See  '"Fireworks  Ordinances,"  suggested  by  the  National  Board  of  Fire 
tJoderwriters,  Id  10. 

t  For  a  very  intereating  illui^Lrated  papt:r  coacefaiiig  "  Necessary  Practical 
Safeguards  against  Fireis  cauaed  by  Lightning."  ac<?  Mr.  Alfred  Hands  In  tbo 
British  Fire  Prevention  Committefi'a  Eeport  pf  the  lat^rtmllona)  Fire  Prevcu- 
tiou  Congresa,  Londoa,  1903. 
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Since  the  amount  of  protection  which  any  building  .shou 
have  will  depend i  u|kih  itss  loe^alion,  consl ruction,  nature  of  ; 
occupancy  and  the  value  of  the  htiildinj?  as  eornpart?d  wilh 
expense  neceHs^ary  to  provitle  the  j^roteKtion,  definite  rules  cann 
be  laid  down  for  the  installation  of  lightning  conductors,  but  t|| 
following  general  suggestions  should,  if  carried  out,  give  und 
most  eoiulition.s,  rejisonable  pre tt eel  ion: 

The  ordinary  condition  causing  a  lighlning  discharge  is  a ' 
cloud  charged  with  «'lec(ricily  at  a  greatly  different  poteiiiial 
from  thai  of  (he  earth.  The  differc^nce  of  potential  Ls  finally 
suflicienl  to  *' break  down"  the  stratum  of  air  between  earth  and 
cloud,  and  an  electrical  discharge  takes  place.  The  resistance 
of  the  air  stratum  being  generally  lews  between  cloud  and  lops 
of  buildings  and  other  structures  than  between  cloud  and  earth, 
»uch  high  pointH  take  the  diwcliargc,  and  nnlcstj  some  less  resistive 
path  is  provided  from  the.se  points  to  the  ground  than  the  struc- 
ture to  be  protected,  the  lightinng  will  follow  the  next  best  course 
to  earth,  generally  causing  damage  to  the  structure  and  fr^ 
quently  starting  a  fire. 

It  is  also  of  unportance  to  note  that  the  discharge  leaves! 
column  of  heated  air  betwi>en  earth  and  eloud.  Thi»  hot  aiSTl 
column  may  be  blown  in  one  or  another  direction  and  very  likely 
become  the  path  of  a  second  discharge,  since  it  hjun  less  resi.stan^ 
than  the  surrounding  cooler  air.  This  may  account  for  lightning 
striking  a  structure  below  I  he  high  points. 

It  is  therefore  desired  to  so  locate  the  conductors  forming 
the  fightning  protection  that  the  lightning  will  strike  these  and 
be  carried  to  earth  instead  of  tearing  through  the  structure  on  it* 
way  to  ground,  8u(;h  an  arrangement  of  conductors  suggests  an 
enclosing  cage  with  the  bars,  of  course,  considerably  separated. 
The  idea  of  protection  is  therefore  a  metidlie  cage  wnth  air  ter* 
minal  projections  at  the  high  points  of  the  sti'ucture  and  the 
w^hole  protecting  cage  thoroughly  grotmfied.  Just  w^hat  material 
is  employed  is  not  of  great  importance  j^rovided  it  has  good 
electrical  carrying  capacity^  is  strong,  can  be  bent  and  joiiUai 
readily,  and  is  not  liable  to  he  seriously  affected  by  corrosioiij 
Undoubtedly  copt^er  in  tape  form  or  ordinary  galvanized-f 
pipe  be^t  meet  these  conditions. 

Just  how  far  ajjart  the  condtictors  should  be  will  depei 
very  considerably  upon  conditionsj  and  no  general  rtde  can 
given  for  t  he  nurnbcr  of  sfjuarc  fw?t.  of  groumi  area  protected  1 
one  rod  which  will  safely  cover  all  cases,  Since  in  athhtion  to 
the  high  points  the  most  exp«»setl  parlB  of  a  structure  are  t!ie  out- 
posts and  projections,  extra  protection  is  needed  here,  while  a 
much  wider  spacing  of  rods  might  be  sufficient  along  the  sides  dj 
the  structure. 


For  rules  of  installation  applying  to  all  structures,  and 
specific  suggestions  covering  chiiimeys,  stacks,  steeples  and  on 
nary  buildings^  see  pampYik^.  "PtotiectLon  against  Lightmn^ 
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(from  which  the  above  suggestions  are  abstracted),  issued  by 
the  National  Board  of  Fire  Underwriters  and  by  the  National 
Fire  Protection  Association. 

In  general,  it  may  be  said  that  steel-frame  buildings  are  seldom 
injured  by  lightning,  except  that  flagsta£fs  thereon  are  often 
struck.  The  usual  well-grounded  steel  frame  prevents  any 
dangerous  concentration  of  the  electrical  energy.  It  has  not 
yet  been  demonstrated  as  to  how  far  the  metal  reinforcement  of 
concrete  structures  can  carry  lightning  without  injury.  If 
lightning  conductors  are  used  on  concrete  buildings  they  should 
be  of  ample  cross-section,  —  say  1-in.  diam.  pJ^e,  —  well  grounded, 
and  carried  several  inches  from  the  face  of  wall. 


PART   VI 

AUXILIARY  EQUIPMENT  AND 
SAFEGUARDS 


Requlreraent^  for  ( oiiipk*le  Fire  Protection.  —  It  has 

been  shown  in  prnviouH  chaplt^rH  that  an  approved  fire-resisting 
building  must  provide  for  antl  comprise  as  its  fund  amenta!  ele- 
ments of  fire-resi.ytance  not  only  a,  scheme  of  t^onstrut^tion  based 
upon  the  use  of  fire-resisting  materials,  m  jls  ici  preserve  the 
integrity  of  the  .structural  jxirtiona  of  the  building  under  fire-tt^st, 
but  also  an  underlying  and  scientific  general  plan  or  design, 
without  which  the  purely  constructional  features  may  failj  owing 
to  the  absence  of  such  coivt^ideriitionH  as  limiting  area.s,  etit-offe, 
exposure  risks,  etc.,  etc.,  all  of  which,  in  an  adequate  design,  are 
intended  so  to  reinforce  the  construction  as  to  make  serious  fire 
losii  impossible  under  circumatanees  less  severe  than  those  in- 
duccfl  by  confiagrations. 

These  basic  principles  of  fire-resisting  construetion  and  design 
are  worthy  of  the  utmost  emphat^is  in  any  discussion  of  the  fire 
problem^  for  even  today,  after  the  experiences  of  Baltimore  and 
Saji  Francisco  and  in  spite  of  the  lessons  taught  by  those  and 
other  lirejSj  there  is  great,  indeed  almost  universal,  misapprehen- 
sion in  the  lay  mind  as  to  just  what  fire-resisting  building  con- 
struction means,  and  what  degree  of  success  may  be  expected 
from  it  under  certain  conditions.  Previous  to  the  Baltimore  lire 
the  general  public  usually  expected  little  short  of  infallibility 
in  so-called  fireproof  construction.  A  steel  framework  and  a 
floor  system  of  terra-t.^otta  or  concrete  have  been  heretofore 
largely  sufficient  to  cause  non-professional  judgment  to  assume 
the  consequent  complete  protection  from  fire-damage  of  both 
tbe  building  and  its  contents.  And  that  these  expectations 
have  not  been  realized  has  been  the  ground  for  much  con- 
demnation or  scoffing  at  *' fireproof"  construetion  in  gerierah 

But  fire  protection,  viewed  in  its  broad  and  jiroper  light,  should 
include  not  only  the  passive  qualities  of  fire-resistance  in  design 
and  construction  but  also  t  fiose  «rfii?e  means  of  fire-detection  and 
fire-fighting  appUanees  which  go  so  far  to  supplement  and  make 
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effective  the  purely  passive  elements  of  the  problem.     Fire  pnhj 
tection  should  be  aggressive  as  well  as  piu*ely  resistant. 

Fire  protection  concerns  not  only  the  building,  but  its  conteDtol 
as  well.  Damage  to  contents  is  not  eliminated  by  siiiiply  pro*! 
viding  an  incombustible  structure  for  their  receipt.  Many  a  fiie] 
has  spread  quickly  and  swept  through  a  building  with  ultimate 
heavy  loss  on  stock  or  contents,  but  with  oomparativdy  little 
damage  to  the  structure  itself.  Such  a  result,  while  affording  a 
most  satisfactory  object  lesson  of  the  structural  efficiency  of  the 
building,  might  be  most  gratifying  to  the  owner,  but  most  dis- 
astrous to  the  lessee  of  the  premises.  Efficient  fire  protection 
regards  the  contents  of  equal  importance  with  the  suRounding 
bmlding. 

Again,  fire  protection  means  not  only  the  preservation  of  the 
main  structural  elements  of  the  building  after  being  subjected  to 
fire-test,  but  both  insurance  interests  and  those  of  the  owner 
require  that  repairs  or  reconstruction  shall  be  reduced  to  a  mini- 
mum. Without  auxihary  apphances  it  is  problematical  how  far 
fire-resisting  construction  per  ae  will  accomphsh  this  result.  The 
lack  of  automatic  or  supplementary  safeguards  may  easily  mean 
a  fire  of  such  area  and  intensity  as  will  cause  severe  or  even  total 
loss  to  interior  trim  or  finish,  when  the  means  of  immediately 
detecting  the  incipient  blaze  or  the  means  of  limiting  the  resulting 
sweep  of  the  fire  would  have  prevented  such  loss  in  great  or 
complete  measure. 

Quite  apart  from  any  possible  reimbursement  from  insurance 
companies,  it  is  assumed  that  fire  almost  always  causes  financial 
losses  which  cannot  be  made  good.  The  merchant,  manufac- 
turer or  mill  owner,  even  if  insured  to  the  full  value  of  his  stock 
or  plant,  cannot  collect  indemnity  for  the  profits  on  unsold  goods, 
or  for  the  serious  interruptions  to  or  entire  loss  of  business  result- 
ing from  repair,  rebuilding,  or  securing  new  quarters,  new  ma- 
chines, new  stock  or  the  necessary  working  paraphernalia  of  his 
business,  and  the  possible  permanent  loss  of  customers.  The 
investor  in  office  buildings  or  other  structures  to  be  leased  cannot 
insure,  at  least  profitably,  the  continuation  of  rents  which  may 
be  out  off  abruptly,  and  for  a  considerable  period  of  time,  through 
the  agency  of  fire. 

Limitations  of  Fire  Department  Effidency.  —  A  further 
limitation  placed  upon  purely  passive  or  structural  fire  protection 
18  found  in  the  inability  of  our  city  fire  departments,  throogli 
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ciTCumstances  largely  beyond  their  control,  to  handle  many  firea 
with  which  they  are  called  upon  to  cope. 

Since  the  advent  of  the  many-storied  olTice  budding  in  most 
large  American  citiea,  it  has  been  plain  to  those  actively  employed 
in  the  business  of  fighting  fire,  as  well  as  to  those  who  liave 
thoughtfully  followal  the  course  of  higli-building  conBlruetion, 
that  the  days  of  the  ladder  and  hose  in  the  liundH  of  courageous 
and  intrepid  firemen  were  gradually  passing  from  their  hitherto 
unquestioned  fire-fighling  sufficiency  to  partial  if  not  complete 
impotence  where  the  high  building  is  concerned. 

This  fact  had  been  partially  reahited  in  the  early  nineties, 
while  office  buildings  were  rapidly  developing  from  the  modest 
ten  stories  of  the  Home  Insurance  Company's  Building  in  Chicago 
—  the  pioneer  of  skeleton  construction  methods  —  to  the 
tw^enty-storied  Masonic  Temple  in  the  same  city,  and  tlie  Man- 
hattan Life  Building  in  New  York  City;  but  it  wa^s  not  unlit 
1898,  when  the  Home  Life  Building  in  New  York  City  was 
almost  completely  destroyed  hy  fire  above  the  eighth  story,  that 
it  became  clear  to  those  ma-st  intimately  engaged  in  the  fire 
problem  —tnz,,  the  municipal  fire  depart  men  I  —  ihat  new  fire- 
fighting  facilities  would  have  to  be  relied  upon  more  and  more 
in  the  successful  coping  with  fire  above  the  ordinary  range  of  the 
departments^  efficient  efforts. 

Hame  Life  Building  Fire*  —  As  has  been  pointed  out  in 
Chapter  VI,  the  burning  of  the  Home  Life  Building  —  a  sixteen- 
story  office  building  which  was  considore<l  thoroughly  fire-n^ist* 
ing  according  to  the  standards  of  its  day  —  demonstrated  the 
fact  that,  notwithstanding  the  most  modern  apparatus  of  the 
New  York  City  Fire  Depiirtment,  it  was  impossible  to  combat 
the  flames  successfully  above  the  eighth  story,  at  least  after  the 
fire  had  assumed  serious  proportions.  In  other  words,  modern 
portable  fire  apparatus  is  not  and  cannot  be  made  efficient  for 
fire-fighting  purposes  above  the  hmit  of  about  125  feet  above  the 
street  level,  while  in  dangerous  risks  the  limit  of  efficienc^y  is  even 
less  than  this.  This  is  practically  e(|uivalent  lo  saying  that  fire 
once  e«tablishe<l  above  the  tenth  floor  of  modern  high  buildings 
must  be  left  to  burn  itself  out,  as  far  as  portable  department 
apparatus  is  concerned. 

Parker  Building  Fire.  —  The  fire  in  the  twelvtsKkiry  Farkor 
Buililing  in  New  York  City,  also  described  in  Chapter  VI, 
mo6t   forcibly    the    limitations   of   fire   department 
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"efficii?ncy,  and  i he  neco^iiy  for  auxiliary  eqiiipmont .     The  follow-^ 
ing  extracts  are  iiiken  frfjm  liie  report  on  this  fire,  made  by  Mr.  | 
W.  C.  Rol>iiLson,  Cliief  Engineer  of  tlie  Underwriters*   Lat>orii- 
lories^  to  the  New  York  Board  of  Fire  Underwriters. 

So  far  as  I  am  aware,  tliLs  i^  the  first  case  on  record  wher»| 
a  so-called  fireproof  building  tmd  its  contents  have  been  so  (?X'] 
tenj^ively  liamagi^d  by  a  fire  starting  within  the  building.  Suck] 
an  occurrence  in  the  largest  city  in  the  country,  and  in  a  district] 
receiving  the  full  protection  of  a  supposedly  weli-ef|ui(>ped  and  I 
efficient  fire  de|jartnient,  was  generally  unexpected.  That  the 
destruction  of  such  a  buiklins  is  not  only  possible,  but  <juite  I 
probablCj  niaken  it  imperative  that  requirements  for  the  intro- 
duction of  necessary  .^afeguarda  be  provided  and  vigorously  J 
enforeed. 

The  Parker  Building  is  understood  to  be  fairly  representa-1 
tive  of  fireproof  buildings  occupied  for  mercantile  and  Uglit  manii- 1 
facturing  purjxj«^!s  in  New  York  Citj^  and  is  said  to  have  beea  i 
of  even  better  construction  than  manj^  later  Vjuildings.  Its  I 
practical  destruction,  while  i*ur[)riHtng  to  the  jreneral  public,  fur-  | 
niahes  no  reason  for  tbe  discredit  of  fire-resisting  building  con- 
struction, and  teaches  no  lessons  to  the  fire-proteetion  engineer  I 
whicti  have  nut  bcK^n  more  or  less  thoroughly  understood.  Tlie  j 
results  of  tliis  fire  do,  however,  serve  to  einpluusize  tlie  neeessity 
for  better  di^sign,  for  liie  more  i  fTrctive  use  of  the  materials  etn- 

Eloyetl  in  fireproofing^  and  fur  efficient  inside  fire  protection  in  I 
igh  buildings  used  for  the  storage  of  large  quantities  of  com-  j 
bustible  materials. 

A  standard  equipment  of  automatic  sprinklers  with  ample  ] 
water  supply  is  generally  recognized,  at.  the  present  time,  tus  the 
mo.st  efficient  means  for  protection  of  this  nature,  yet  develof>e<;l, 
The  large  amount   of  combustible  material   in  the   Parker 
Building,   its  excessive  area,*  inadequately  protected  stair-  and  j 
elcvatur-shaftrt,  and  lack  of  facihlies  for  the  prompt  discover)' l 
of  fire,  furnished  conditions  which  permitted  this  fire  to  guinj 
very  great  headway  Infurc  the  arrival  of  the  fire  department. 
The  loss  on  thL^  building  with  its  contents  under  8ueu  cii-cum- 
etances,  directs  attention  to  the  probability  that  under  sitnilar  j 
conditions  of  ( unstruction^  area  and  occupaney,  fires  may  jiaautne  ] 
proportions  beyond  the  control  of  a  well-equipped  fire  department, 
especially  as  unavoidable  delays  due  to  condition  of  the  streets,  | 
absence  of  ncaresl  engines  at  other  fireSf  etc.,  are  poi^sible  at  any  | 
time. 

As  his  second  ''conclusion"  regarding  the  more  important  I 
features  brought  out  by  his  investigations,  Mr.  Robinson  gives  | 
the  following: 

The    height  of    fireproof    buildings  of    mercatitile,   manu- 1 
facturing  or  storage  occupancy  should  be  limited  to  eorreapowl  j 

*  The  inaidfi  Oiour  area  waa  only  15,000  square  feet. 


I 


AUXILUHY  EQtriPMENT  853 

to  the  degree  of  protwlion  the  binhling  fquipmPDt  and  the  fire 
depiir(niont  are  aole  to  furnish.  In  otliir  words,  if  adequate  tire 
protection  in  any  building  is  not  availrvble  above  a  certain  tieight, 
thie  buildinp;  should  be  liniited  to  Huch  lieiKht. 

In  the  upper  stories  of  liig;h  buildings  filled  with  com- 
bustible contents^  the  gretitet^t  diffieulties  are  jo  be  found.  Re- 
stricting the  height  of  sucli  buildings  seems  to  be  the  only  wafe 
practice  miless  adequate  internal  fire  protection  be  provided. 

Equitable  Buildiiig  Fire.  —  The  fire  whicl\  destroyed  the 
Equitable  Building  in  New  York  City,  January  \i,  11U2,  again 
demonstrated  the  inability  of  our  jjublic  fire  departments  to 
cope  with  well'tkn eloped  fire  i[i  high  buildings.  Althougli  only 
eight  stories  lughj  this  building  was  of  such  construction  as  to 
make  the  matter  of  file  extinguishment  far  more  dangerous  and 
difhcult  than  in  much  higher^  but  more  modern,  buddings.  Six 
persons,  including  a  battalion  chief  of  the  fire  department,  lost 
their  lives  in  the  fire. 

This  tire,  like  those  in  the  Parker  Building,  Triangle  Shirt 
Waist  Faelory,  antl  Alwyn  Court  Aj>artmet\t  House,  rails  atten- 
tion to  the  inatiility  of  any  fire  deparinient  to  effectively  fight 
a  fire  which  has  once  gained  headway  in  the  upper  stories  of  a 
lall  building  hieking  sueli  essential  fire  appliances  as  an  atiequate 
standpipe  equipmc^nt '  in  eonjunetion  with  smoke-proof  stair 
towers.  The  height  of  buildings  should  be  limited  in  proportion 
to  the  effectiveness  of  their  fire  protection,  if  life  and  property 
arc^  to  be  conserved.  .  .  . 

Portable  Slemners.  —  The  inefficiency  of  the  ordinary  port- 
able steam  hre  engine  was  strikingly  apparent  in  contrast  with 
the  higii  pressure  streams  from  *the  separate  fire-main  system. 
The  fluctuations  in  pressure  incident  to  stoking  the  boilers  of  the 
portable  steamers  is  an  element  of  weakness,  tis  well  as  their 
capacity  and  pressure  limitations.* 

Increase  in  Numlier  cif  High  BuUdlngs.  —  The  difficulty 
experienced  in  fighting  fire  in  high  buildings  may  be  said  to 
increase  about  us  the  square  of  the  height.  Buildings  3CX)  feet 
high  are  no  longer  niarke<l  curiosities  in  New  York  City,  where 
no  building  regulations  limit  the  height  of  structures  (except 
tenement^lj  and  a  census  of  the  high  buildings  made  in  19CI7  by 
the  New  York  City  Building  Department  sliowed  a  total  of  .538 
structuree  which  were  It)  stories  or  more  in  height  —  viz.^  one 
building  (the  Metropolitan  Life  tower)  of  48  stories,  one  of  41, 
two  of  26,  three  of  25,  two  of  23,  four  of  22,  nine  of  20,  two  of 

•  .S<»e  "  Ropart  on   Fire  in  the  Equitable  BuilcJIrtiD^,"  by  F.  J.  T.  Steiv 
^uperintiffiideat,  New  York  Buurd  of  Fire  Under  writ-era. 
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niae  of  18,  two  of  17,  ninetPi^n  of  Uj,  nineteen  of  15,  eighteen  ( 
14,  thirteen  of  13,  one  huniJreri  and  i^ixt^^-nine  of  12,  one  hundn 
and  one  of  11  ainl  one  tiumirf^d  and  sixty-fonr  of  10  stories, 
number  of  other  high  strnc'turc^  hiive  been  built  since  thd 
including  the  new  Municipal  Building^  which  is  40  stories  hi^ 
including  ihe  tower,  or  500  feel  above  the  street  level;  while! 
Wool  worth  Bnilding  is  to  be  the  highest  in  tlie  world — I 
stories,  or  775  feet  in  height  above  the  curb.  In  other  won 
there  are  probably  over  5.50  buildingg  in  New  York  City  toda; 
which,  Its  fur  as  efficient  fire  protection  is  concerned,  are  aboi^ 
the  effect ive  fir c^figh ting  range  of  the  fire  department,  whd 
working  without  auxiliary  nids;  and  when  it  in  remembered  thij 
the  Wnolworth  Buikling^  the  4S-storitHl  tower  of  the  Metn3fK»li 
tan  Life  fiuilding,  —  658  feet  high,  —  the  41 -storied  tow^er  of  th 
Singer  Building,  —  fill  feet  high^  —  and  the  Municipal  Buildin 
before  mentioned,  all  contain  or  will  contain  oflSee^  to  a  height 
greater  than  the  Washinj^on  Monument,  the  necessity  for  ever; 
possible  form  of  auxiliary  equipment  looldng  to  the  discovery  i 
extinguishment  of  fire,  as  well  as  the  nei'd  of  adequate  provisioi^ 
against  smokt?  and  panic,  are  .sufficient ly  apparent. 

Wltile  not  wishing  to  pose  as  an  alarmist,  the  author  ventu 
the  prechction  that  immunity  frum  serious  loss  of  life  in  aome  ta 
office  building  or  buildings  cannot  be  expected  to  last  iiidefinitdy! 
Many  examples  have  been  built  wthout  due  consideration  bcin 
given  either  the  design  of  methods  of  escape,  or  of  auxiUary  equip 
ment.  The  few  and  narrow  stairs  provided  in  many  instant** 
mean  that  the  several  hundreds  of  tenants  occupying  many 
these  structures  would  find  hurried  exit  by  either  stairways  < 
e!c^ valors  impossible^  and  panic  would  soon  result.  The  cau 
need  not  be  serious  to  produce  the  blind,  unreasoning  fear  i 
hibited  in  panic.  Witness  the  cases  in  which  smoke  alone,  with 
out  serious  danger  of  fire,  lias  produced  panic. 

Improvement  not  to  1>e  found  In  Fire  Departments*- 
Added  facilities  for  hre  protection  can  not  be  looked  for  in  aOj| 
possible  improvement  of  the  pernoimel  of  the  fire  departments,  i 
that  has  already  reacln?il  a  high  degree  of  excellence;  nor 
added  pumping  capacity  in  fire  engines  sufReient  to  meet  the  n«? 
demands  of  excessive  height,  although  the  new"  lugh-pressiU 
Bervices  lately  installeil  in  New  York  and  other  cities  will  proifi 
of  immense  value  in  high-building  fire>;;  nor  in  heavier  or  strong 
hose  made  to  withstand  the  bursting  pressure  induced  by  great 
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heights,  even  tboupfh  criticism  might  be  made  regarding  th« 
byrating  of  poor  hose,  i\s  was  the  case  at  tlie  Parker  Bmi<Jiiig  Hre; 
nor,  in  fact,  in  new  portable  apparatus  of  any  kind  whkh  would 
rsolve  the  problem.  The  only  possible  remedies  lie,  therefore,  in 
ijlhe  impromd  design  and  construction  of  high  biiildinga,  and  in  the 
employmt^nt  of  auxiliary  fire-fklecting  and  jlre-fighiiiig  appliances. 
Value  of  Time  at  Outbreak  of  Fire.  —  Again,  however  per- 
fect the  fire  department,  an  average  time  of  [lerhaps  five  nnnutes 
elapses  between  the  diseovery  of  fire  and  the  arrival  of  the  flepart* 
ment  on  the  spot  for  effective  working.  In  the  meantime  what 
is  taking  place?  Since  minutes  iire  as  hours  where  the  spread  of 
fire  la  concerned,  are  automatic  means  at  work  during  those 
minutes  to  forestall  even  the  prompt  firemen?  Are  the  oeeu pants 
of  the  structure  working  oMerly  and  effectively  to  quench  the?  fire 
by  means  of  appliances  provided  for  just  such  an  emergency,  or 
is  the  fire  left  in  undisputed  sway  in  the  premises,  because,  for- 
Booth,  the  fire  department  will  soon  arrive  and  be  all-sufficient? 
The  manner  in  which  the  first  few  miaul  en  arc  employe*!  usually 
determines  wliethtT  the  loss  is  to  be  trifling,  or  whether  the  fire 
has  gained  such  headway  as  to  involve  the  whole  premises. 

Value  of  "First  Aid"  and  Automatic  Appliances.  —  In  an 
editorial  commenting  on  a  number  of  fires  which  have  destroyed 
eoKfiy  non -fire-res  is  ting  buildings  and  their  contents.  Engineering 
Neu)s  (May  23,  1907)  st^ited  lis  follows: 

Such  firas  often  reveal  that  complete  reliance  had  been 
placed  on  the  protection  afforded  by  the  municipal  fire  depart- 
ment service,  and  no  attempt  made  to  provide  local  facilities  for 
*'  first  aid/'  If  water  under  pressure  is  supplied  to  the  structure^ 
one  or  more  fire  plugs  and  hose  coils  on  each  floor  can  do  exceUent 
service  in  an  eniergency.  In  the  absence  of  a  water  supply, 
portable  fire  extinguishers  are  a  useful  resource.  In  either  case 
there  should  be  some  organisation,  some  arrangement  of  duties 
whi(;h  will  ensure  that  these  protective  devices  are  ealkd  into  use 
promptly  upon  the  outbreak  of  fire.  There  are  very  few  instances 
where  it  is  impracticable  to  provide  these  means  of  auxiliary  pro- 
tection. There  are  still  fewer,  if  any,  where  such  protection 
would  not  prove  its  value  in  the  case  of  a  fire* 

This  criticism  is  as  applicable  to  firc-rc:sisting  buildings  as  to 
non-fire*resist  ing , 

Furthermore,  it  ought  to  be  much  more  fully  realized  that  either 
** first  aid''  or  automatic  appliances  are  far  more  potent  in  fire 
protection  than  reliance  on  hose  streams  in  the  Imnds  of  the  fire 
department. 
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In  an  atMrfSwH  (1906)  bofore  th**  Fire  Underwriters*  , 
of  the  North  west,  Mr.  U*  C.  Crosby  stated  that: 

The  unprovement  resulting  from  intelligent  considerati 
of  individual  rij^ks  huH  reaphcMl  such  a  stagc^  of  pt»rfectioii  that  I 
deplruetioii  of  a  *' standard  plant"  is  practically  impossible; 
we  are  insuring  —  at  a  profit  —  at  one-fifth  of  one  per  cent,] 
less,  risks  wc  wrote  nut  king,  ago  at  many  times  thiit  rate,  at  a  Irt 
For  years  we  have  worke.Kl  to  increase  the  number  of  paili^^  st^ 
pipes  ami  hydnmtSp  and  to  add  to  the  vyater  supply,  and  yet  1 
total  destruction  of  rtsks  continues  without  much  diminutiol 
Experience  brought  us  anothi^r  viewpoint  and  proved  that  1 
could  h(*  corUrolled  only  by  ehminating  as  far  as  possible  hazarl 
ari<l  dangerous  features^  and  then  applying  the  fire  extinguish 
in  the  first  stage  of  a  fire.  The  aufomatic  8pri?tk(^r  and  not  I 
fiose  utraatti  wan  the  dominant  factor  in  Ike  iransforrfialion. 

Such  an  expression  of  conviction  from  a  fire  protectionial  \ 
the  wide  experience  of  Mr.  Crosby  is  significant* 

ExtLngulshment  of  Fires  by  Hose  Streams.  —  An  inqu 
into  the  statistics  of  hose  streams  and  the  part  played  by  them  iiT 
extinguishing  fires  reveals  many  facts  which  are  distinctly  con- 
trary to  public  opinion.     While  adequate  water  supplier,  auxili- 
ary pipe-systems,  hydrants  antl  stand  pi  pes^  etc.,  are  all  importaot 
requisites  for  fire  protection,  it  will  not  do  to  assume  that  the 
mere  presence  of  such  means  is  potent,  or  even  that  the  use  of 
such  means  will  necessarily  be  effective.     Neither  the  presence 
nor  the  mere  Uxse  of  water  arc  deciding  factors  in  the  ext  inguifihing 
of  fire.     Water  is  only  potent  when  Ufsed  ejjectwely^  i.e.,  eithet  , 
early  enough  in  the  j)rogre.ss  of  the  firt^  to  permit  a  srnall  quantitj 
completely  to  extinguish  the  blaze,  or,  in  later  stages,  in  suffieied 
volume  to  be  effective  after  making  due  allowances  for  the  waU 
lost  by  evaporation  or  inefficient  appfication.     Witness  fires  it 
water-front  properties,  where  there  is  an  inexhaustible  supply  < 
water  which  usually  adds  not  at  all  to  rwlutung  the  loss;  also  tK 
Asch  Building  fire,  mentioned  in  next  paragraph* 

As  to  the  part  played  by  the  hose  streams  of  iiublie  fire  depa 
ments  in  the  initial  extinguishment  of  fires,  a  classification  of  th 
alarm  fires  which  occurred  in  Greater  Ncw^  York  dui*Lng  the  year 
^'lOS  will  show  that,  out  of  a  total  of  8,642  lires 
adi^^   were  extinguished  without  an  engine  stream, 
uemr   ^rpj-^  extinguished  with  one  engine  stream, 
servict^rpj,,^  extinguished  with  either  two  or  three  engine  strea 
of  iinme^j-g  extinguished  with  more  than  three  engine  st 
hoBe  made  ^.j^  high  pressure  streams. 
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Thus,  in  about  fiO  por  nent.  of  the  total  rmmher  the  fireg  were 
JextinguiBhed  either  by  means  of  ''first  idct'*  in  the  hantla  of  ten* 
ants  or  those  on  the  premiiw^s,  or  by  tnoann  of  hand  appliances, 
'  chemical  extinguifihcrs,  ctc.j  in  the  hands  of  the  firemen;  while  in 
only  about  8  per  cent,  of  the  total  number  of  fires  did  the  water 
supply  prove  an  important  factor.  In  the  8imie  year  the  New 
York  Fire  DcparUnent  wii-s  e*itimuted  to  have  u.sed  191,791,955 
gallons  of  water  (of  which  over  77,nOO,(X)(}  jiitillonc^  were  river 
water),  or  leas  than  one  day's  av'eraRe  consumption  —  a  really 
insignificant  consideration  a^  far  as  water  supply  is  eoneerned. 

In  London,  England,  in  1902,  out  of  3,574  firefl  for  the  j^ear 
(not  including  706  chimney  fires): 

2j910   w^ere  exUnjaruishf^  by  jw^r^onfi  not  belonging  to  the  fire 
brigade,  or  by  the  use  of  buckets  or  hand  pumps. 

566  were  extinguished   by   water   and    pressure  direct   from 
hydrant. 

98  were  extinguishe<l  by  stream  fire  engines,* 

Hence,  'Svater  is  only  one  facttjr  in  fire  extinction,  and  to 
exploit  it  to  the  neglect  of  others  wduch  are  just  as  important  is 
simply  mi.sleading  the  public  and  advancing  the  idea  that  de- 
pendence for  safety  from  fire  may  be  placed  on  public  systems, 
whereas  all  experience  is  showing  that  the  individual  must  rely 
more  and  more  on  self-protection/'  f 

Efflekney  of  Hose  Streams.  —  The  statistics  given  in  the 
preceding  f>aragrapli  show  that  a  great  majorily  of  fire  alurmK  are 
responded  to  so  quicklj'^  by  the  fire  department  that  tlie  blaze  can 
be  handled  by  means  of  chemical  extinguishers,  but  in  those  cases 
where  the  fire  i.s  beyoml  Kuoh  control,  the  [presence  of  smoke  is 
very  liable  to  make  the  seat  of  fire  obscure  and  unreachable  by 
hose  streams,  even  if  the  smoke  is  not  over-powering.  The 
problem  then  becomes  how  to  apply  water  effectively  to  an  un- 
seen or  undistinguishable  seat  of  fire. 

As  to  1  he  efliciency  of  hose  streams  after  a  fire  has  attained  any 
considerable  magnitude,  it  will  be  found  that  our  public  fire 
departments  usually  realize  their  impotence,  and  t  fieir  efforts  are 
mainly  directed  to  prevent  the  spread  of  flame  to  adjoining  or 
nearby  buildings,  rather  than  to  saving  the  first  structure.  Any 
fairly  large  and  well-stocked  non-firc-resiMt  ing  btiilding  represents 


♦  See  British   Fire    Prevenlion  Committee's  llepurt 
Prevention  Congreas,  10 03,  page  11 L 
t  See  Journal  of  Fire,  Doccmbcr,  1906. 
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f  combustible  material  enough  (o  niake  a  fire  greater  than 
reaaonnble  application  of  water  will  control. 

Extinguishment  of  fire  by  water  requires  that  water  l_^ 
bf^  appliefi  with  sufficient  rapidity  to  take  up  the  heat  as  rapid 
as  it  h  generated  by  the  fuel.  If  the  heating  effect  is  greater  th 
the  cooling  effect,  the  water  [jaases  into  steam  or  i»  decomp 
One  pound  of  fuel,  depending  on  its  nature,  will  evaporate  i 
four  to  twenty-eight  pountls  of  water;  the  floors  and  contents c 
ordinary  buildings  cannot  be  taken  as  requiring  aetual  appli 
tion  of  less  than  six  pounds  of  water  per  pound  of  igniti3d  fuj 
Take  a  six-story  briek  and  joiated  construction  building,  60 > 
150  feet,  mixed  tenantry.  Here  the  floors  and  contK^nta  would 
reasonably  w*eigh,  say  20(X)  tons,  and  burn  within  three  hours,  or, 
when  well  on  fire,  at  the  rate  of  twelve  tons  per  minute.  This 
calls  for  at  least  seventy  tons  of  water  per  minute  to  quench  the 
fire,  or  the  capacity  of  twenty  steamers,  allowuig  for  no  waste. 
Good  judges  believe,  and  I  think  with  good  reason,  that  not  one- 
fourth  to  one-tenth  of  the  w^ater  thrown  by  hose  is  effective.  At 
that  rate  eighty  steamers  and  upward  would  be  required  to  arrest 
fire  in  a  fairly  large  building.  All  there  is  about  such  fires,  and 
many  fires  in  sniaUer  buildings,  ia  tliat  the  fires  are  not  put  out, 
The  seat  of  the  fire  burns  outf  and  the  village  or  city  departmentj 
by  holding  walls  antl  wetting  exposures,  litnits  its  spread.* 

The  possible  waste  of  water  and  the  inability  of  hose  streams 
to  penetrate  any  considerable  distance  beyond  the  windows  were 
well  exemplified  in  the  Asch  Building  fire  in  New  York.  Fig.  41 
admirably  illustrates  how  both  waste  and  inefficiency  in( 
with  the  building's  height. 

Necessltj'^  for  Auiitiary  Appliances. — All  of  these  considi 
tions  go  to  show  the  absolute  necessity  of  rc*inforcing  even  the 
fire-resisting  dejjign  and  coiiBtruetion  with  such  auxdiary  means 
appliEmecs  as  will  insure  the  utmost  possible  immunity  from 
loss  to  the  building  itself,  its  contents, its  rental  value,  or  any  ot! 
business  interests  connectetl  therewith*     Hence,  to  the  consiti 
tions  of  design  and  construction  covered  by  previous  chapters  m\ 
now  be  atlded  a  third  element  of  approved  fire  protection,  nam( 
that  of  equipment,  or  the  installation  of  those  safeguarding  fi 
tures  which  are  designed  to  supplement  the  plan  and  constructioi 

1,  By  provitling  means  for  automatically  detecting  or  con- 
troUing  fire  within  the  premises, 

2.  By  giving  added  security  to  the  structure  or  itis  cont 
through  means  which  may  always  be  at  the  hand  of  tenant-s 


*  See  "  Liroitationa  ttnd  Use   of  Water  for  Fire  ExtitLguLBhing/'  by  Ali 
BiauveJt,  in  "  TranBuctilona  of  National  Fire  Protectioo  AaaociatioDi*'  IS*?. 
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emi^>loyees  thus  making  it  possible  !o  cope  with  incipient  fires 
witTiouJ  relianco  uixin  the  fire  depfirtment. 

3  By  leiidinR  rancli-nec«lfd  assiHtance  to  the  fire  department 
ttmfoT  conflagiation  conilition.s,  or  under  circumstance**  of  js^rcai 
heiglit  areo  oi  exposure  hazard,  where  limitaiions  of  effective 
fire-fighting  by  the  public  fire  department  ari3  know^n  to  exist. 

4,  By  preventing  i>ani(?  or  Iorh  of  lift*  among  (employees  or  ten- 
ante  by  ao  forestaUing  disaster  as  to  turn  flight  and  panic  into 
orderly  exit  and  pre-arranged  fire-fighting  effort  with  the  means 
at  hand. 

It  may  be  objected  that  all  of  thiH  apparent  expense  an<l  troulih' 
tc  provide  auxiliary  aids  casta  seeming  diser<!<lit  upon  the  effi- 
ciency of  the  splendidly  equipped  and  organized  fire  departments 
in  our  large  cities^  and,  as  such  departments  are  popularly  sup- 
posed to  be  capable  of  handling  all  fires,  the  proj>erty  owner 
should  rest  content  in  the  fact  that  he  contril>utes  through  taxes 
to  the  maintenance  of  the  fire-fighting  force,  and  that  any  addi- 
tional expense  is  superfluous.  Both  of  these  views  are  wholly 
wrong. 

To  emphasiise  unduly  either  the  efficacy  of  hose  streams,  or  the 
importance  of  the  fire  (Jepartment,  is  to  detract  from  the  main 
issue  in  the  matter  of  fire  jjrotect  ion.  The  first  requisite  is  fire 
prevention,  by  removing  as  completely  as  may  be  possible  all  con- 
tributor}^ causes  of  fire.  The  second  requisite  is  fire-resisting 
conJitrttdion  and  denign.  The  thirtl  requisite  is  such  means  of 
automatic  or  auxiliary  appliances  as  will  make  each  individual 
structure  indepcnd(mt  of  the  public  fire  d€»part  merit,  at  lea^st  to 
a  degree  sufficient  to  cope  with  incipient  fire,  or  such  as  will 
supplement  fire  department  work  under  conditions  of  extreme 
aeverity. 

Fires  usually  start  from  some  trifling  and  remedial  cause,  but, 
if  discovered  and  controlled  in  the  initial  stage  by  automatic 
means  or  by  apparattis  and  discipline  designed  to  serve  just  such 
a  purpose,  the  do?itruetion  which  would  otherwise  result  may  be 
practically  eliminatwl.  Considering  the  possibilities  of  the  ser- 
vice they  may  render,  such  automatic  devices  and  auxiliary  means 
are  of  trifiing  expense,  compared  to  the  cost  of  the  otherwise 
incomplete  and  uasatisfactory  t>lructure.  It  would,  therefore, 
Bcem  as  though  the  great  added  security  imparted  to  any  busi- 
ness or  building  interest  through  these  means  is  neglectetl  either 
from  false  notiona  of  economy,  a  too  close  scrutiny  into  the  first 
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cost  only,  or  else  from  ignorance  or  skepticism  as  to  their""gTeat 
value. 

Principal  Auxiliary  Aids.  —  The  principal  auxiliary  aidi  in 
detecting  or  extinguishing  incipient  fires,  or  in  coping  with  par- 
ticularly severe  fires,  or  in  preventing  panic  and  confusion  among 
employees  consist  of  the  following,  which  will  be  treated  in  suc- 
ceeding chapters. 

1.  AiUomatic  Sprinklers.  —  These  should  be  ranked  first 
among  auxiliary  aids,  because  they  both  detect  and  extinguish 
fire. 

2.  AiUomatic  Fire  Alarms^  ranked  second  in  importance  be- 
cause of  their  automatic  functions  in  discovering  fire. 

3.  Human  Agencies,  such  as  Fire  Pails;  Extinguishers,  etc.; 
Auxiliary  Boxes;  Watchmen  and  Watch-clocks;  Standpipes;  Hose- 
racks  and  Roof  Nozzles;  Private  Fire  Department. 

4.  Discipline  of  tenants  and  up-keep  of  appliances,  to  insure 
instant  efficiency,  involve: 

Fire  Drills^  and  Inspection  and  Maintenance  of  Protective 
Appliances, 


CHAPTER  XXX. 

§FBIKKL£B   SYSTEMS. 

Tirpes  of  Sprinkler  Systems.  —  The  various  tyv)e8  of  sprink- 
ler systems  in  common  use  comprL'^e : 

1.  TliP  automatic  wet-pipe  j^iyf^ti'iri^  iLsod  in  interiors  of  biiilfl- 
ings*  This  is  the  ordinary  (yi^*?,  ami  i.s  often  refcTred  to  simply 
BS  ''Sprinklers"  or  " Automat ie  Sprinklei*?^." 

2.  The  automatic  dr3^-pipe  system,  used  fur  interior-^  of  build- 
inga  when  locations  or  conditions  make  the  wet-pipe  arrange- 
ment impossible  or  inadvisable. 

3.  Open  sprinklers,  used  for  the  protection  of  exteriors  of 
buildings. 

4.  Bartemcnt  sprinklers,  for  use  in  bfisernent.s,  sub-basements, 
or  other  inaccessible  places  ^ — ^  often  ridlcd  "perforated  pipe 
systems.*' 

Automatic  Wet-pipe  Systems. 

Principles  of  Auto  ma  tie  Sprinklers,  —  Automatic  sprink* 
lera  are  a  device  for  distributing  water  by  means  of  valves  or 
** heads"  which  are  arrange<l  lo  open  automalieally  under  the 
action  of  hcat^  avs  from  a  fire  which  they  are  intended  to  ex* 
tiiifi^uish.  The  distribtition  of  water  which  results  from  properly 
located  sprinklers  occurs  in  the  form  of  a  rain  of  jets  or  drops,  and 
is  usually  sufficient  to  drench  any  inflannnable  stock  beyond  the 
point  of  ignition-  The  distribution  of  water  effected  is  the  most 
economical  possible,  as  the  source  js  directly  above  the  fire,  and 
the  water  is  more  uniformly,  and  henee  more  eiTc^rtively,  applied 
than  from  a  hose  stream. 

Automatic  Bfirinkler  protection  is  baused  upon  the  principle  of 
discovering  and  controlling  a  fire  at  its  point  of  origin,  thus  in- 
juring a  minimum  fire  loss  to  building  or  contents,  combined  with 
a  minimum  use  of  water*  This  [irineiijle  re4[uires  for  its  basio 
elements  the  protection  of  all  areas,  the  quick  and  positive  aetion 
of  the  heads,  and  au  adequate  supply  of  water  under  sufficient 
^  pressure. 
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Given  these  elements,  the  ordinary  mercantile  or  manufacttl^ 
ing  risk  becomes  almost  nil,  provided  the  system  be  adequaidy 
inspected  and  maintained.  This  statement  will  be  amplified  and  } 
illustrated  statistically  in  later  paragraphs  in  this  chapter, 
and  in  Chapter  XXXVI  where  the  inspection,  maintenance, 
and  central  station  supervision  of  sprinkler  equipments  are  i 
considered  more  at  length.  i 

Early  Application  of  Sprinkler  Idea.*  —  The  basic  idea  of  \ 
the  sprinkler,  i.e.,  that  fire  may  be  extinguished  through  the  jp 
agency  of  its  own  heat,  is  by  no  means  new  or  recent.  As  early 
as  1723  a  crude  contrivance  to  serve  this  end  was  patented  by 
Ambrose  Godfrey,  an  English  chemist,  in  the  form  of  a  cask  of 
fire-extinguishing  solution  to  be  operated  by  gunpowder  and  a 
system  of  fuses. 

Further  efforts  in  a  similar  direction  were  made  from  time  to 
time  until,  in  1809,  Sir  William  Congreve,  an  inventor  and  hy- 
draulic engineer  of  considerable  note,  patented  a  system  of  rose 
sprinklers,  or  perforated  valve  outlets,  controlled  by  combustible    , 
cords.    This  system  was  devised  for  the  protection  of  British    I 
arsenal  buildings,  but  in  1812  this  inventor  discarded  the  use  of 
burning  cords  and  substituted  therefor  a  cement  "fusible  at  110 
degrees  or  less/*     In  this  patent  the  functions  of  an  automatic 
sprinkler  are  stated  to  be  "an  apparatus  for  extinguishing  fires 
which  shall  be  called  into  action  by  the  fire  itself  at  its  first  break- 
ing out,  and  which  shall  be  brought  to  bear  upon  the  precise  part 
where  the  flames  exist,"  a  most  comprehensive  description  of  the 
automatic  sprinkler  as  used  to-day.     The  mechanical  skill  of  the     , 
inventor,  however,  did  not  equal  his  conception  of  the  problem     | 
and  little  came  of  the  invention,  or  several  attempts  to  improve 
upon  it,  until  a  half  century  later,  when,  in  1864,  Major  A. 
Stewart  Harrison,  eminent  in  various  fields  of  activity,  as  mili- 
tary engineer,  inventor  and  author,  "made  the  invention  which 
included  the  greatest  advance  made  by  any  one  inventor  up  to 
the  present  date."     Major  Harrison  not  only  invented  a  practical 
sprinkler  head,  but  a  complete  sprinkler  system  as  well,  including 
piping  to  be  hung  from  the  ceiling  with  heads  placed  six  to  ten 

*  For  data  regarding  the  development  of  automatic  sprinklers  the  author 
is  indebted  to  the  article  "Modern  Development  and  Early  History  of  Auto- 
matic Sprinklers,"  published  in  Cassier's  Magazine,  1892,  by  Mr.  C.  J.  H. 
Woodbury,  formerly  vice-president  Boston  Manufacturers*  Mutual  Yin  loao^ 
once  Company. 
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feet  apart,  according  to  Ihv.  vhiiracuh  mI  the  rofcm^'^  contc?ntH,  an 
Bievated  supply  tank  for  insuring  a  fonst  ant  neatl  of  watorj  check 
vaJv^ei^,  fire-alarm  h(41  to  ho  (>|MTato4  hy  the  opt^ninK  r>f  any  head 
and,  in  fact,  all  of  the  es^scntial  features  of  a  modern  instaOation. 

Inrentfon  of  Fusible  Solder,  —  The  greatest  advance  in  this 
invention  lay  in  the  use  of  fusible  solder  for  the  releHA^e  of  the 
li**ad.  Low  fiLLsible  alloys  now  so  commonly  awd  in  automatic 
©prinklers  were  first  iTiudo  by  f^ir  Isaae  Newton,  while  master  of 
[the  mint  in  1699,  He  it  wan  who  diaeovered  the  fact  that  certain 
allovH  possess  lower  melting  points  llian  any  of  their  constituents. 
The  lowest  alloy  which  he  productnl  wa^  madti  of  bismuth,  lead 
and  tin,  melting  at  212  degris'n  Falirenheit.  This  melting  i>nint 
Iia8  been  reduced  through  later  experiments.  The  solder  now 
^generally  used  has  a  fusion-point  of  about  165  degrees  Fahrenheit, 
holn^s,  made  of  bismuth  4  parts,  lita^l  2,  tin  I  and  caihniurn  1  part. 
Sijme  such  alioy  was  umhI  in  Hprinkler  hciidrt  for  the  first  time  by 
Major  Harrison. 

'  First  Successful  §prtnkler.  —  The  first.  aucDessfuI  automatic 
sprinkler  from  a  commercial  standpoint,  i,/.,  to  be  manufac- 
tured and  sold  for  service  in  pro  Uniting  property,  was  that, 
patented  by  Henry  S,  Parmelee,  of  New  Haven,  August  11,  1874. 
This  head  consistofl  of  a  slotted  revolving  cap,  or  ''reaction  tur- 
bine," the  whole  being  coveretl  with  a  brass  jacket  which  was 
Bcddered  at  its  bottom  rim  to  a  flange  on  the  hearl  casting.  The 
whole  arrangement  was  ''simple  in  con^^tructioUj  secure  against 
leakiige  anci  so  eflicierit  in  it.s  operation  at  hundn*ds  of  fires  tis  to 
open  a  new  era  in  fire  protection  of  manufacturing  establishmenta 
arid  to  modifj^  methods  of  insurance;"  but  as  the  heads  were  of 
the  type  known  i\s  "  wuter-joitU "  sprinklers,  becatise  the  seal 
could  not  be  melted  until  the  entire  sprinkler  an<j  the  water  w^ith- 
in  the  jacket  were  raised  to  the  melting  point  of  the  solder,  the 
action  w^aa  relativ^ely  slow. 

Developnieiit  of  Sprinkler  Heads,  etc,  —  For  a  more  ex- 
tended account  of  t.h(*  development  of  sprinkler  heatls,  etc., 
t  reference  should  be  made  to  the  authoritative  article  by  Mr. 
C  J.  H.  Woodbury,  befnre  referrtHi  to,  and  to  Crosby  and  Fiske^s 
"Handbook  of  Fire  Protection  for  Improved  Risks,"  where 
ill  us  t  rat  ions  of  1 17  different  sprinkler  heads  are  given. 

Invention  of  Funible  Link.  —  To  the  late  Etlward  Atkinson, 
for  so  many  yeai-s  the  President  of  the  Boston  Manufacturers' 
Mutual  Fire  Insurance  Company,  and  the  si>onsor  of  the  now 
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woll-recogriizod  principles  of  mill-  or  alow-buminjz;  constjuctid 
is  due  the*  invention  o(  the  first  fusible  link,  made  of  two  pi© 
of  braiis  soldered  together  with  a  thin  film  of  fusible  alloy* 
link  was  originally  devise<J  for  use  in  fonnection  with  self-op 
ing  hatcheiH,  doors  and  shuttersj  but  the  principle  was  of  1 
greater  value  when  apphefl  to  the  struts  of  autonnatic  sprinkle( 
for  the  rcawon  that  sprinkler  8olderj  when  user!  in  mass,  is  wa 
inelastic  and  subject  to  '' crawling"  by  cold  flow.     Links  or  1 
made  of  Bolid  solder  ha<l  always  failtd  by  stretching  or  bre^ikii 
and  tlie  conception  of  the*  film  link  did  much  to  develop  praeti 
sprinkler  liea<ls  of  a  sensitive  nature. 

AppUeablliey   of  Sprinkler  Protection,  —  Unfortunate 
the  idea  hiLS  heretofore  been  all  too  prominent  that  sprinkler  s 
teme  are  intended  for  use  only  in  non-fire-rcisisting  buildings,  i 
even  so^  principally  to  secure  a  reduction  in  the  insuranct! 
mium.     The  thought,  of  protection  to  the  structural  portions  i^ 
the  building,  or  protect  ion  to  contents,  has  often  been  secondfl 
to  the  thought  of  rcdticfnl  insurance  chsu-ges,  as  in  the  case  of  ( 
manufsi/^l  ur<*r  who  wan  interviewetl  by  the  selling  agent  of  i 
automatic  sprinkler  company,  andj  after  hearing  of  the  numen 
virtues  of  the  device  offeree!  for  sale,  rephed:  **  Young  mm^  I 
don't  care  what  you  put  up.     You  can  put  up  rosettes  if  they  ^ 
satisfy  the  insurance  man/^* 

Among  fire  prfjtectiontfits,  however,  and  among  broad-mind 
ami  far-Kt^eiuK  manufacturers,  merchants  and  owners,  sprink 
c^pjipment  is  becoming  more  tind  more  generally  recognized  \ 
equally  applical.de  and  valualdc  in  conuiM^tion  with  fire-resistiSJ 
construction,  particularly  because  of  its  automatic  nature, 
the  conH<:H[uent  i)rotcction  afforded  to  both  structure  and 
tents;  and  many  structures  of  steel-frame  and   terra-cotta 
j^ concrete  construction  are  now  being  provithsl  witb  tkis  device.] 

For  warehouses,  factories,  and  wholesale  and  retail  store  huil 
ings,  automatic  xsprinklers  should  invariably  be  installed,  i^vi 
where  these  structur€^  are  of  the  most  approved  fire-resistin 
type-     Indeed,    laws    requiring    the    uniform    equtpmcat   wiH 
sprinklers  of  all  manufacturing,  storage  or  mercantile  buiJdir 
within  the  congested  area^  of  huge  eitii^  are  being  most  seriou 
discusswl    as   the   most   practicable   safeguard   against  ftirth 
conflagrations. 

*  iSee  Ira  G.   HoaRtand.  insricptoT  of  Southeaatera   Turiff  A8SOCifltio»t 
Afareb,  1007,  "Jnuraul  ot  Fm;.* 
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In  tlieatres,  ^sprinklers  arn  a  valujible  auxiliary'  means  of  ron- 
trolling  fire,  an  is  cieiscribetl  in  Cha[)ter  XXIL  In  office  building 
the  use  of  sjrinklers  is  hunily  to  be  expected  to  any  considerable 
extent,  partly  on  account  of  the  unusually  large  tenantry,  thus 
nitiking  probable  a  prompt  discovery  and  handling  of  Jiro,  and 
partly  on  account  of  the  comparatively  sUght  hazard  from  com- 
bustible contents;  but  in  unusually  high  office  buildings^  where 
the  upper  floor-s  ure  beyond  the  effective  firt^fightuig  operutiona 
of  the  city  fire  department,  the  use  of  sprinklcra  is  strongly  to  be 
recommended. 

Extended  Use  or  Sprinklers.  —  The  widely  extended  use  of 
Bprinkler  installation  is  indicated  by  an  estimate  made  by  Mr. 
Henry  A,  Fiske,  one  of  the  leading  Hprinkier  insurance  atitliorities 
in  the  United  States,  m.,  that  between  25,(KMJ  and  50,000  build- 
ings in  the  United  States  are  now  tirotected  by  automatic  sprink- 
lersj  aggregating  a  property  value  of  thousands  of  millions.  It 
has  also  been  estiniatetl  that,  in  the  New  England  states,  about 
one-third  of  the  liability  of  all  of  the  fire  insurance  companies 
covers  property  protwUed  by  sprinklers.  Thij?  is  a  remarkable 
record  when  one  remembers  that  the  first  KprinkJer  risk  to  be 
installed  in  New  York  City  under  the  approval  of  the  New  York 
Board  of  Fire  Under\^TiterH  <lid  not  occur  until  the  year  18S4. 
Up  to  and  ineludinj?  the  year  190o,  1305  approved  sprinkler  in- 
stallations were  made  in  Greater  NeiiV  York  and  the  immediate 
vicinity^  the  maximum  yearly  number  being  611  in  lHi)2.  The 
use  of  sprinklers  hus^  however,  dev^elopetl  most  markedly  in  the 
large  mill  or  manufacturing  ccniters,  and  for  this  reason  New 
England  hiis  proved  one  of  the  most  prolific  fields,  on  account  of 
the  numerous  cotton  and  woolen  mdls,  shoe  factories  and  the 
like.  But,  although  principally  used  in  storage  or  manufacturing 
buildings,  it  must  not  be  supjiosed  that  sprinkler  equipments  nxe 
hmited  only  to  these  classes  of  Htruci.ur(*s.  Fire-resisting,  as  well 
as  non-firc^re»isting,  retail  and  wholesale  stores,  theatres,  hotels, 
nod  many  other  ty|X's  of  buildings  have  been  either  partially  or 
fully  equipped  with  sprinklei-s^  and  new  use«  for  this  form  of 
protection  are  continually  being  found. 

Kequliiltes  for  Sprinkler  Proteetion.  —  The  requisites  for 
efficient  automatic  sprinkler  protection  are: 

1.  The  building  must  be  properly  designed.  o|>en  in  construc- 
tion, without  concealed  npact^*  where  water  thrown  from  s|>rinklera 
cannot  jienetrate,  and  also  without  unprotected  vertietd  up\iwv\x^» 
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2.  The  eprinklprs  must  be  located  so  that  their  distributioa 
FWater  will  cover  all  parts  of  the  premises, 

3.  The  sprinkler  *' heads"  mast  be  of  approved  make,  and  al 
a  sensiliveneAs  of  fiutoinaiio  action  suitable  to  the  particulAi 
conditions  of  location  and  occupancy. 

4.  The  sprinkler  i:)iping  must  be  of  sufficient  capacity  and 
must  be  under  water-prest^ure  at  all  times,  except  where  dry-pipe 
system  is  u^ed. 

5.  T!ie  available  water-supply  must  at  all  times  he  of  sufficient 
quantity  and  pre>53Ure. 

6.  The  sprinkler  system  must  be  equipped  with  propter  check- 
antJ  g^it(>-viilv<Hp  in  order  to  rcgulat<^  tin*  J)r(^ssure  frum  power 
supplies  and  in  order  to  make  ijossible  the  shutting  oil  of  all  water 
Bupplies  for  purjioses  of  retiiiir, 

7.  Some  appro vtxi  type  of  alarm  valve  must  always  be  io- 
stal]e4l  as  a  ijart  of  the  system. 

8.  The  system  as  a  whole  and  in  uU  its  details  must  be  thor- 
oughly inspected  at  anitabli'  intervalH,  maintained  in  efficiency* 

land  be  under  the  constant  supervision  of  some  employee  who  ia 
fperfectly  famihar  with  its  operation  and  repair;  or  else  under 
central  station  supervision. 

All  of  thesi*  conditions  are  essential  to  obtain  pro|>er  automatic 
sprinkler  protection. 

The  installation  of  sprinkler  systems  is  no-sv  usually  performed 
under  the  rules  and  regidations  recommended  by  the  AssociafiHi 
Factory  Muttiid  Insurance  Companii-s  or  by  tlie  National  Fir^ 
^•Protect ion  Association , 

These  rules  and  regulationa  cover  years  of  experience  in  the 
equipment  of  sprinklered  risks,  and  of  careful  experiment,  both 
on  the  part  of  insurance  interests  and  on  the  part  of  the 
manj^  manufacturers  of  si>rinkler  equipment.  They  are  amended 
and  cliangetl  from  time  tx)  time  as  experience  shows  may  be 
necessary.* 

Type  €»f  Building.  —  The  type  of  building  construction  does 
not  necessarily  atTect  the  efficiency  or  the  general  scheme 
sprinkler  equipment,  save  only  that  the  building  interior  n»ii 
be  open,  without  concealed  spaces,  hollow  walls  or  floors,  unpi 
tected   closetSt  etc.      Any  rci^usonable  peculiarities   of   builditi 

•  The  Ifttoet  rules  and  requirements  for  "Hprinkler  Equipnieuta"  inny 
h»H  by  apply! tig  tu  the  NaTionaJ  Tiuard  of  Fine  I'uderwHt^rM,  135  Witliiuii 
New  York  City,  or  to  the  Secrelnrj'  of  thu  Kationid  Fire  I^rotectioa  AflaocJAl 
S7  MiJk  St»,  Boatoa.  M&sa. 
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doHi(iii  may  b(^  provi<letl  for  In  the  isjirinklor  equifiment,  buL,  after 
it  is  once  installtHl,  no  cliaiige^  sliould  be  made  in  (doaets^  parti- 
tions, or  other  sulxliviHiuns  of  space  without  consultation  with 
the  under^^TitcTs  having  juriHdiction. 

One  prevalent  ftmlt  in  building  construction  should  invariably 
be  corrected  where  sprinklers  are  used  —  namely^  rertieal 
openings.  Vertind  draughln  tfirough  buildings  are  delrimerita! 
to  the  profjer  action  of  sprinklers,  and  all  v^crticid  lijiIit-vvelLs, 
flues,  stairways,  etc,  should  be  "stopped*'  or  shut  off  at  the 
various  floors. 

If  the  building  Is  of  mill  construction,  it  should  be  built  strictly 
in  aceordanct'  with  the  principlci*  of  alow-burning  construction 
given  in  Chapter  IV, 

Location  or  Sprinkler  Heads.  —  It  has  been  stated,  as  a. 
fundamental  principle  of  sprinkler  proteciion,  that  the  sprinkler 
heads  muHi  be  so  located  na  to  insure  a  tamper  distribution  of 
water  to  all  parts  of  the  pn-mms.  This  is  one  of  the  most  im- 
fiortant  axioms  of  sprinkler  protection,  and  yet  it  is  fretjuently 
\dolated.  Sprinklers  are  intended  to  control  incipient  tire.  No 
one  can  state  or  guess  wherc^  any  more  than  when,  this  is  liable 
to  occur.  If  the  sprinkler  is  not  there  at  the  origin  to  do  its  work 
of  extingnisliment,  or  at  lesist  of  control,  the  trifling  «tart  may 
soon  become  of  such  widespread  area  or  intensity  a^s  to  be  beyond 
th(!  control  of  many  sprinkler  he^ids.  It  h,  therefore,  wel!  to 
remember  tliat  sprinkler  installation  is  hke  fire-resisting  con- 
st ruction.  If  it  is  worth  unciertaking  at  all,  it  is  worth  lioinji;  well. 
A  few  addiiional  s[)rii!klers  to  make  si^urily  doubly  sure  will 
-amount  to  little  in  eompsirison  with  the  cost  of  the  whole  in- 
Btallation. 

Usual  requirements  call  for  *'  sprinklers  to  be  placed  through- 
out premises,  inclutling  biusement  and  lofts,  under  stairs,  inside 
olevator  wells,  in  belt,  cabk",  pipe,  gear  and  pulley  boxe**,  inside 
small  enclosures,  such  aw  drying  and  heating  boxes,  tenter  and 
dry  room  enclosures,  chutes,  conveyor  trunks  and  all  cnipboarda 
and  closets  unless  they  have  tups  entirely  open  and  are  so  located 
that  sprinklers  can  properly  spray  therein.  Hprinklers  not  to  be 
ondt  ted  in  any  roqm  merely  because  it  is  damp,  wet,  or  of  fireproof 
construction* 

Experience  teaches  that  sprinklers  are  oftf^n  nectissary  where 
seemingly  least  needed. 

The  fallacy  of  attempting  to  pick  out  the  places  where  a 
fire  will  or  will  not  start  has  long  been  proven.     Vacant  base- 
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ments,  blind  attics,  concealed  spaces,  etc.,  all  need  sprinkler 
protection.  Two  mills  equipped  with  sprinklers  were  total  losses, 
due  to  the  fact  that  fire  originated  over  the  water  in  canal  or  tail 
race,  and  under  the  building,  i.e.,  in  places  where  it  seemed  next 
to  impossible  for  a  fire  to  start.* 

The  standard  spacing  or  distribution  of  sprinkler  heads  is  as 
follows: 

For  mill  construction  ceilings,  that  is,  smooth  solid  plank 
flooring  laid  over  solid  wooden  girders,  one  line  of  sprinklers  must 
be  placed  in  the  center  of  each  bay,  and  the  distance  between  the 
sprinkler  heads  on  each  line  must  not  exceed  the  following: 

8  feet  in  12-foot  bays,  , 

9  feet  in  11-foot  bays, 

10  feet  in  10-foot  bays, 

11  feet  in    9-foot  bays, 

12  feet  in  6-  to  8-foot  bays. 
Measurements  to  be  taken  c.  to  c.  of  timbers. 

For  smooth  sheathed  or  plastered  ceilings  not  broken  into  bays 
by  girders  or  other  projections  below  the  ceiling  line,  outlets  to 
be  placed  every  ten  feet  each  way  of  building,  thus  making  100 
square  feet  of  area  for  each  head. 

For  smooth  sheathed  or  plastered  ceilings  broken  into  bays  by 
girders,  etc.,  one  line  of  sprinklers  to  be  placed  in  the  center  of 
each  bay,  the  distance  between  the  sprinklers  on  each  line  not  to 
exceed 

8  feet  in  12-foot  bays, 

9  feet  in  11-foot  bays, 

10  feet  in  6-  to  10-foot  bays. 

Bays  between  12  and  23  feet  in  width  to  contain  at  least  two 
lines  of  sprinklers.  Bays  over  23  feet  wide  to  contain  hnes  not 
over  10  feet  apart. 

For  ceilings  of  open  joist  construction  with  bridging  between 
and  plank  flooring  over,  the  distance  between  heads  must  not 
exceed  8  fast  at  right  angles  to  joists,  or  10  feet   parallel  with    ^ 
joists.     This  is  veritable  fire-trap  construction,  for  even  sprinkler    i 
sprays  cannot  reach  the  spaces  between  the  joists,  outside  of  a 
very  small  radius. 

Sprinkler  heads  should  be  located  (as  per  the  above  regula- 
tions) on  the  coihng  piping  in  an  upright,  not  pendent,  position, 
with  tops  of  si)rinkler  heads  not  nearer  than  3  inches  nor  more 

*  "Handbook  of  Fire  Protection  for  Improved  Risks,"  Crosby  and  Flake.  , 
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than  10  inch&s .below  the  cxjilinR  or  bottom  of  joists.  This  is  in 
onler  that  tlje  heads  may  be  sliielded  by  the  pipoB  from  damage 
from  Ik^ow,  in  order  that  they  may  he  thoroughly  drain^nl  when 
',  the  system  is  em|)lied  of  water,  and  in  orrler  that  sediment  may 
not  collect  at  the  oritice. 

Sprinkler  Heads.  ^  Automat ie  .sprinkler  heads  consist  of 
Bealed  oriliees  wtiich  are  arran^^ed  to  ojien  automatically  under  a 
predetermined  temperature.  The  usual  types  (see  following 
ilhistratiorw)  are  made  with  a  threaded  connection  at  the  bottom 
(for  attachment  to  the  piping),  at  the  upyjer  end  of  whicli  in  the 
valve  seatj  consisting  nf  a  one-half  inch  orifiee,  closed  by  a  valve 
which  is  held  in  position  by  a  strut  exteuduig  up  to  the  deflector 
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or  splash  plate  which  is  supported  by  a  yoke  or  pair  of  anna. 
The  prin(*ipal  variLitions  in  the  types  of  sprinkler  heads  are  found 
in  the  details  of  the  valv<?«  an^l  the  slrnt.s  whicli  keep  them  closed. 
TfkO  valvtii  are  made  of  metal,  porcelain  or  glass  disks  or  caps 
which  are  iiekl  from  opening  upward  (under  the  water  pressure 
in  tlie  piphig)  by  the  strut,  whieh  extends  from  the  top  of  the 
valve  to  the  deflector  plate  above.  These  struts  are  the  most 
important  part  of  a  head,  for  it  is  in  them  that  the  automatic 
functions  are  incorporated.  This  automatic  action  is  accom- 
plished by  building  up  a  strut,  of  eompoTient  parts,  held  together 
by  fusible  solder.  When  this  solder  is  softened  by  the  degree 
^of  heat  under  whieh  it  was  intended  to  operate^  the  strut  collapses 
ad  the  valve  is  rekmsed  under  the  water  pre&sure.     The  escap- 
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eufficiontly  iiif^li  for  all  ordinai'y  local ionsj  as  even  tlie  liighesfc 
summer  heal  seldom  exceeds  125  degree^^*  P'or  locations  wiiero 
this  lempijTaturi>  is  liable  to  be  exceeded,  '4iard  hcatls"  must  be 
usedj  employing  solder  which  melU  at  212  degrees,  as  in  engine 
rooms,  low  temperature  dry  rooms,  or  near  steam  piping  —  or 
at  286  degrees,  as  in  Vjoiler  rooms  and  ordinary  dry  rooms. 
Sfjrinklerfi  of  360  tlegreas*  operation  are  sometitnes  emph>yeti 
over  open  fire,  or  in  very  high  temperature  dry  boxes,  hut  Ihey 
are  not  to  be  recommended,  A  safe  rule  for  solder  temperature 
is  to  allow  about  50  degrees  higher  than  the  maximum  tempera- 
ture to  be  expecled  iu  the  location. 

Plp€  Sizes.  —  In  1896  a  conference  was  brought  about  be- 
tween the  various  insurance  interests  of  the  United  States  for 
the  purpose  of  determining  upon  some  ^* standard"  rules  and  reg- 
ulations of  sprinkler  practice,  especially  fiS  regarded  the  schedule 
of  pipe  sijies.  Pre\ious  to  that  time  the  standard  schedule  of 
the  Providence  8teani  and  tias  Pijie  Company  —  instituted  in 
1878  by  Frederick  drinnell  in  connection  with  the  manufacture 
of  perforated  pipes  for  fire  protection  ^  had  generally  been  used 
as  a  basis,  but  amendments  from  time  to  titne  by  various  in- 
euranco  organizations  gradually  led  to  considerable  diversity  of  ' 
practice.  The  1896  conference,  out  of  which,  fortimatcly,  grew 
tlie  National  Fire  Protection  Association,  adoptetl  a  standard 
Bciieflule  for  pipe  sizes  which  has  since  been  changed  to  the  follow- 
ing uniform  standard : 


Size  of  pipe* 

Mux,  my, 

of  HprinkierB 

atlowod. 

Si2e  of  pipe. 

Man.  no. 

of  spriaktera 
alloned. 

J-itieh . » .  1 

1-ineh .  ......... 

li-in^'h 

li-ineh 

2-inch 

2Hnch 

1 

2 
3 
5 

U) 
2tJ 

3-ineh 

3^-inch . 
4-inch.  . 
5-inch 
6-iiich, 

36 
OO 

80 

no 

200 

1 

It  is  desirable  that  not  more  than  eight  heads  be  placed  on  any 
one  branch  line. 

Feed  Mains* — -The  feed  mains^  or  the  horiisontal  supply  pipea 
which  feed  the  branches,  should  always  be  arranged  so  as  to  pro- 
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vide  *'CentroCentrar'  feed,  as  illustmted  by  Fig,  362,  or  "Sid<?- 
Central"  feed,  as  illustrated  byFig.  363.     "End"  feed,  or  anv 
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Fi«.  3G2. 


'  GcntcT-centniJ "  Fe«f  Mains. 


arrEuigenient  of  piping  \vb(?reby  the  risers  whicb  supply  the  hori- 
zontal feed  pipes  arc  brought  up  at  any  end  location  in  the 
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Fits,  3i}'l  ^  *'^ijD-cf*iitrQi  "  Feed  Mains. 

building  J  are  unnj>|irov(^(L     T\w  hesl.  arrtmge^mcnt  of  pipinp-  for 
a  large  building  is  shinvn  in  Fig.  *Mi4* 
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Hi 


Fio.  3G4.  — beat  Alcdiod  uf  PipJuK  LargE  Building, 

Risers.  —  Separate  vertical  riser  pipes  must  be  supplied  in 
each  building,  or  in  each  section  of  a  building  divided  by  fire  waUs. 
The  size  of  each  riser  must  be  sufficient  to  supply  all  of  the 
sprinkler  heads  on  any  one  floor  (as  determined  by  the  previously 


*  From  "Handbook  of  Fire  Protection  for  Improved  Risks." 
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given  Boliedulo  of  sizes),  the  assumption  being  that  no  vertical 
openings  exkt,  and  that  therefore  eaeh  floor  hi  a  unit. 

Where  there  is  a  sufficient  number  of  sprinklers  on  any  one 
floor  to  require  a  ii-inch  riser^  or  where  the  sprinklers  on  any  one 
floor  exceed  the  number  allotted  to  a  6-inch  pipe,  it  ia  preferable 
to  have  two  or  more  smaller  riaers. 

Water  Supply.  —  x^cceptiible  water  supplies  for  sprinkler  ser- 
vice may  be  furnished  by: 

PubUc  waterworks  supply^ 

Private  reiservoir  or  stand  pipe. 

Gravity  tank^ 

Air-pre-ssure  tank^  or 

Pump,  taking  water  from  approved  source,  such  as  reservoirs 
or  cisterns  of  sufficient  capacity. 

The  choice  of  water  supphes  in  each  instance  is  to  be  deter- 
mined by  the  underwriters  having  juriwchction* 

Two  independent  water  supplies  are  absolutely  essential  for 
the  best  equipment-  This  is  in  order  that  one  supply  may  always 
be  available  in  ease  the  other  h  temporarily  out  of  service,  and 
also  in  order  that  a  primary  supply  of  limited  capacity  or  light 
pressure  may  be  reinforced  by  a  secondary  supply.  At  least  one 
of  the  supplies  must  be  capable  of  furnishing  water  under  heavy 
pressure,  in  order  that  the  opening  of  the  first  sprinklers  may 
prove  wholly  efficient*  This  supply  usually  consists  of  either  an 
elevated  gravity  tank  or  an  air-pressure  tank.  The  secontl  supply 
must  be  automatic,  and  is  usually  jjrovided  by  the  city  pressure 
taken  from  the  public  water  mains.  More  than  two  supplies  are 
often  advisable.  "A  desirable  combination  for  the  country  risk 
is  pressure  tank,  gravity  tank,  and  steam  pump;  and  for  many 
city  risks,  public  waterworks  and  pressure  tank."* 

Public  Waterworks.  —  The  public  waterworks  siipply  Bhoidd 
be  sufficient  to  give  a  good  pressure  at  all  hours  to  the  highest 
line  of  sprinkler  heads,  preferably  not  less  than  25  pounds  static 
pressure  when  sprinklers  are  open  and  fire  streams  are  i>laying. 
No  water  supply  for  sprinklers  should  piiss  through  a  meter  or 
pressure  regulating  valve,  as  such  devices  cut  down  the  flow  of 
water  by  means  of  friclion  and  obstructions.  They  are  also 
unreliable,  and  beyond  the  control  of  the  assured. 

Gravity  Tanks  should  be  so  placed  that  the  bottom  of  tank 
in  each  case  is  not  less  than  25  feet  above  the  highest  line  of 
♦  Crosby  and  Flake,  Handbook, 
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sprinklers  supplied.  This  should  be  a  minimum,  and  if  an  ele- 
vation of  40  or  50  feet  can  be  obtained,  so  much  the  better,  as 
the  eflSciency  of  the  tank  naturally  increases  with  the  elevation. 
Otherwise  commendable  sprinkler  equipments  are  rendered  ques- 
tionable as  to  ultimate  efficiency  through  the  single  fact  of  light 
water  pressure. 

For  tank  capacity,  the  National  Board  Rules  specify  5,000 
gallons  as  minimum,  but  10,000  gallons  is  a  desirable  minimum 
on  all  but  the  smallest  risks.  On  the  assumption  of  20  gallons 
per  minute  per  sprinkler,  this  would  feed  25  sprinklers  for  20 
minutes. 

For  large  risks  with  hazardous  occupancy,  or  where  the 
conditions  favor  the  opening  of  more  than  say  25  sprinklers, 
larger  tanks  should  be  iise<l .  Twenty-five  thousand  gallons  shouw 
be  amply  adequate  where  the  tank  supplies  automatic  sprinklers 
only.  The  size  tank  needed  for  any  given  risk  is  dependent  upon 
so  many  conditions  that  no  fixed  rules  can  be  made,  and  con- 
struction, occupancy,  outside  aid,  and  additional  water  supplies 
must  all  be  taken  into  account.  With  10,000  gallons  as  a  mini- 
mum for  good  class  of  construction  and  occupancy,  with  city 
water  or  other  good  water  supply,  and  25,000  gallons  as  a  maxi- 
mum for  poor  construction  and  occupancy,  tank  capacities  for 
risks  between  those  grades  can  be  easily  approximated.* 

These  sizes  are,  however,  too  small  for  any  but  the  smalle^st 
plants;  and  2r),(K)()  to  75,000  or  even  100,000  gallons  capacity 
arc  ordinary  capacities  for  large  industrial  plants. 

On  cylindrical  wooden  gi-avity  tanks,  band-iron  hoops  should 
never  be  employed,  owing  to  their  tendency  to  rust.  Wrought- 
iron  rod  hoops,  not  l(\ss  than  three-fourths  inch  diameter,  without 
wolds,  should  invariably  be  used. 

Air-pressure  Tanks  should  be  located  either  on  the  top  floor 
of  building  or  preferably  on  the  roof.  The  capacity  should  never 
be  less  than  4,500  gallons.  This  requires  a  tank  72  inches  diam- 
eter and  22  feet  long  or  60  inches  diameter  and  25  feet  long.  The 
tank  must  be  kept  two-thirds  full  of  water,  and  an  air  pressure 
maintained  over  the  water  of  not  Ic^ss  than  75  pounds,  so  as  to 
insure  not  less  than  15  pounds  i)ressure  at  the  highest  hne  of 
sprinklers  when  all  water  has  been  discharged  from  the  tank. 

Fire  Pumps,  whc^ther  steam  or  electric,  may  take  wat«r  from 
the  public  service  mains,  or  from  other  approved  source,  but  make 
and  full  installation  must  be  in  strict  accordance  with  the  National 
*  Crosby  and  Fiske,  Handbook. 


SPRINKLER  SYSTEMS 


877 


Board  Rules  and  Requirementa,  Capacity  must  be  det<nniiied 
*by  the  underwriters  having  jurisdiilion. 

Steamer  Connections-  —  Whatever  the  water  supply  for 
sprii^kler  systems,  outt^ide  or  sidewalk  <'onne{»tion.s  whieli  permit 
of  ilu'.  liirect  attachment  of  fire  engines  to  the  risers  a^^e  si  rongly 
to  be  recommended.  These  should  be  not  less  than  4-inch,  fitted 
with  a  straightway  check-valve^  and  be  located  so  as  to  provide 
for  prompt  and  eiusy  attachment  of  hose.  A  lO^OOO-gallon  tank 
may,  under  riovere  circumstaneee,  be  emptied  in  10  mitmtes  if 
50  sprinklers  happened  to  be  open  at  once.  The  value  of  a  hose 
inlet  connection  is,  therefore,  apr>arent. 

Each  hoae  connection  must  be  designated  by  raised  letters  at 
least  one  inch  in  size,  ca^^t  in  Ihe  fitthig,  and  reading  **  Automatic 
Sprinkler," 

Cheek-  and  Gate* valves.  —  These  can  be  discussed  more 
understandingly  lU  connection  with  tiuestions  pertaining  to 
inspection  and  maintenance^  for  which  see  Chapter  XXXVL 

Alarm  Valves.  —  To  prove  acceptable  risks,  new  automatic 
sprinkler  instaUations  must  be  accompanied  by  automatic  alarm 
valves,  installed  on  the  systems,  either  with  or  without  central 
station  superA^sory  connection.  This  requirement  is  made  neces- 
eary  by  two  A-ery  important  considerations. 

First.  — Although  stalistics  show  that  the  greater  number  of 
fires  in  .sprinkiered  riskn  are  either  practically  or  entirely  extin- 
guished by  the  flow  of  water  from  tlie  sprinkler  hcaLle  —  sis  will 
be  shown  later  —  still,  the  sj>rinklers  cannot  invariably  be  relied 
upon  t-o  furnish  complete  protection,  and  human  aid  is  often 
necessary  to  finish  the  work  of  extinguishment.  Hence  it 
becomes  necessary  to  provide  some  means  of  immediate  notifica- 
tion to  tenants,  poHSt^rs-by,  or  to  Mimc^  central  alarm  etation,  so 
that  the  fact  of  existing  fire  may  be  at  once  made  known. 

Second.  —  Prompt  notification  of  the  operation  of  the  sprinkler 
system  is  necessary  in  order  to  prevent  the  continued  downpour 
from  heads  after  they  ha\'e  been  opened  liv  the  heat  of  a  small 
fire  which  they  have  ultimately  extinguished,  or  Eifter  a  head  htus 
aceidently  opened  without  fire.  A%>  system  of  automatic  ahul-ojf 
in  a  sprinkler  head  has  yet  been  invented,  and,  when  once  opened, 
the  heads  must  continue  to  flow  until  either  the  water  supj^ly  ia 
exhausted  or  the  valves  of  the  system  are  closed  by  hand.  Cases 
^have  occurrerl  where  a  small  hrc  has  started  during  a  Saturday 
light;  ill  which  the  ^priakiiirg  avou  tixtixiguisLcd  the  fire^  bvjit,  tbe; 
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water  continiied  to  run  mi  til  di^^covered  on  the  following  MondM 
morniDg,     A  small  fire  occurred  in  a  sprinklered  risk  in  BostaJ 
not  so  many  years  ago,  where  the  fi^rat  notification  of  somethrsgl 
wrong  was  the  triekling  of  water  under  the  front  door  of  tbrfl 
buildinjc,  and  thence  across  the  sidewalk^  where  it  fortunaki)! 
attracted  the  attention  of  a  policenian,  but  not  until  the  wtijiM 
damage  had  greatly  exceedetl  the  original  fire  damage.             ^M 

"Sprinkler  insurance,"  or  in?iurance  against  damage  result^| 
from  the  unnecessary  flow  of  water  from  sprinkler  heads,  wh&t^| 
caused  by  accidental  breakage  or  by  leakage,  is  not  unusual,  ^K 
companies  writing  t^uch  insurance  make  the  alarm  valve  a  po9it^| 
requisite.                                                                                              ^^ 

Accompanied    by    a    suitable    alarm    system,  —  especially^B 
central  station  supervisory  system,  —  the  automatic  sprinidH 
provides  as  nearly  an  ideal  means  of  fire  protection  as  can  pr<S 
ably  be  devised.     The  hejids  are  ever  present  in  ail  locatioiiHj 
ready  day  and  night  to  extinguish  or  clieck  fire  with  a  minimum 
expenditure  of  water,  while  the  alarm  system  gives  instant  noti- 
fication  of    fire,   leakiige  or    break   in   the  system.     However* 
neither  sprinkler  sysl^?ms  as  a  whole,  nor  alarm  valves  in  particu- 
lar, are  infallible.     Both  have  tlieir  limitations,  as  will  be  tuturc 
fully  priinted  out  later.     The  fires  in  sprinklered  risks,  tabvdatad 
by  the  National  Fire  Protection  Association  for  the  year  1911 
show  the  following  failures  of  watchman  or  automatic  alarm 
systemB,  a;*  compared  with  sprinkler  alarms. 

Discovered 
fire. 

Failed. 

Fervml. 

failed. 

Watchman 

Thermoistats 

Sprinkler  alarm 

66 

S 

96 

9 
0 
5 

12      1 
0 
5 

Requirements  of  Naiional  Board.  —  The  rules  of  the  Natianill 
Board  of  Fire  UnderwTiters  require,  brief!y,  an  alarm  valve  ool 
every  new  automatic  sprinkler  equipment,  so  constructed.  tJittJ 
the  flow  of  water  through  but  a  single  head  will  oijerate  a  ii|fl 
chanical  gong,  an  electric  gong,  or  both,  fis  the  character  of  ^| 
property  or  the  circumstances  of  the  risk  may  require,     Th6!^| 
of  both  mechanical  and  electric  gongs  is  strongly  recomnien<H^B 
as  the  use  of  the  two  principles  will  give  two  ^hauces  of  succes^H 
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tion  instead  of  one.  The  mechameal  gong  may  be  located 
le  the  buiJding  —  always  proteotod  from  weather  —  or  at 
tlier  desirable  place  on  the  premises.  In  citief^  where  there 
ahirm  rompan>%  the  sprinkler  system  should  preferably  be 
ctt'd  therewith,  while  in  a  mall  towns  the  alarm  valve  may 
ine{?ted  with  the  pubUc  hre  deparlment  house.  Only  alarm 
i  approved  by  the  miderwritera  having  jurisdiction  should 
Kl. 


1.1 


Fia.  365.  —  "Grinnen  Stmigbtway  Alarm  Valve.' 


nation  of  Alarm  Valve.  —  The  several  types  of  alarm  valves 
jpfljently  quite  comphcalcd,  but  the  best  of  them  are  really 
|j|&ple  in  operation.  The  simpler  they  are,  the  more  pcsi- 
tneir  action.  One  of  the  most  reliable  is  the  ^*Orinnell 
fhtivay  Alarm  Valve,"  illu.strated  in  Fik,  365,  aa  installed 
lally,  the  operation  of  which  may  be  described  as  follows: 
\  the  pipe  leading  from  any  source  of  supply,  the  pressure  of 
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Fig.  36G.  —  Detail  of  Alarm  Valve. 


which  may  be  variable,  as  in  public  water  mains,  where  day 
and  night  pressures  are  apt  to  vary. 

0  is  the  riser  or  supply  pipe  connecting  with  the  sprinkler 
system,  which,  when  once  filled,  is  always  under  a  constant  static 

pressure,  unless  relieved  by 
the  opening  of  one  or  more 
sprinkler  heads. 

The  problem  is,  then,  to 
introduce  at  A,  between  S  and 
0,  some  form  of  valve  which 
must  not  be  an  obstruction  to 
the  flow  of  water,  —  whicli 
must  be  sensitive  enough  to 
operate  under  the  least  reduc- 
tion of  the  static  pressure  in  0, 
—  and  which  will  communicate 
the  resulting  internal  flow  of 
water  in  the  riser  to  the  outsiSt 
of  the  valve,  where  mechani- 
cal or  electrical  alarms  may 
be  actuated.  Many  niochanical  moans  of  effecting  this  com- 
munication between  inside  flow  and  outside  operation  liave  been 
tried  with  little  success,  until  a  very  simple  solution  was  found 
as  illustrated  in  P'ig.  366,  wherein: 

A  is  the  shell  of  the  alarm  valve,  with  removable  cover  E. 
B  is  a  swinging  clajjper,  or  check-valve,  which  can  move  u] 
ward  only. 

C  is  a  renewable  valve  seat,  with  a  circular  groove  therein,  froi 
one  point  in  which,  at  D,  a  pipe  leads  to  the  drip  chamber  I 

The  groove  in  the  valve  seat  is  kept  tightly  closed  by  the  cb] 
per  as  long  as  the  static  pressure  in  the  sprinkler  system  remi 
unchanged;  l)ut  reduction  of  the  pressure,  from  any  cause,  on  M 
upper  side  of  the  clapper,  allows  the  latter  to  lift,  upon  whid 
water  passes  through  the  groove,  thereby  actuating  a  circuij 
closer,  or  the  buckets  of  a  wat(ir  motor,  causing  an  alarm  to 
sounded. 

Another  requisite,  however,  is  essential  to  the  proper  o^erati* 
of  an  alarm  valve,  viz.,  the  capacity  of  caring  for  tern 
variations  of  water  pressure  in  the  supply  pipe  S,  which,  u" 
j)rovi(led  for,  would  cause  the  o[)eration  of  the  clapper,  and  1 
transmit  false  alarms.     An.  intermediate  *'  Drip  Chamber,''  sj 
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at  /  in  Fig.  365,  and  Mt  Itirger  sealo  in  Fig.  367,  is,  tliorcfore,  zni  im- 
posed between  the  body  of  the  valve  .1  and  the  circiiit  closer  M, 
This  chamber  m  Sf>  designed  that 
the  inlet  from  the  valve  is  silightly 
larger  than  an  outlet  on  the  opposife 
side  which  is  connected  witli  tlin 
waste  pipe  //,  This  nutlet  is  closed 
by  a  valve  Z  which  m  operaterl,  when 
the  w&ier  rises  to  a  height  giving 
fiufficient  pressure,  by  a  flexible  metal 
diaphniKin  J,  located  in  the  bottom 
of  the  chand>er.  In  the  case  of  a 
continuous  How,  such  aw  woulti  occur 
from  an  open  Hijrinkler  head  or  a 
broken  pip-e,  the  drij)  chamber  fills 
up,  closes  the  waste  outlet,  and  allows 
the  water  pressure  to  act  on  the 
diaphr^igni  of  the  circuit  closer  M, 
tbus  sending  in  an  alarm.  In  the  case 
of "  a  tem|Hirary  flow,  as  from  a  sud- 
den water  hamiiier  lifting  [}m  check- 
er clapper-valve^  a  small  quantity  of  water  paiy^es  through  into  the 
drip  chamljer,  and  escapes  without  operating  the  circuit  clos*'r. 

In  Fig,  3h5,  {/  is  a  valve  for  draining  the  system,  Y  is  a  gate* 
vaJ\c  which  controls  I  he  water  sui>ply  to  system,  A*  and  L  are 
pri^saure  gauges,  indicating  pressures  in  sprinkler  system  and 
suppl}'  pipe  respectively,  P  is  a  pipe  connecting  drip  chamber  to 
water  motor,  and  R  m  the  grmg. 

Many  of  the  okler  installations  are  not  equipped  with  alarm 
valves,  hut  depend  upon  thermostats  or  watchman  service  for 
notification  of  fire. 

A  schedule  of  the  allow^anecs  or  discounts  in  insurance  premi- 
ums for  sprinkler  protection,  as  used  by  t  he  Boston  Board  of  Fire 
lender  writers,  is  given  at  the  end  of  this  chapter. 

Ct'iitral  Station  Supervisory  Service  is  described  in  Chapter 
XXXI, 


Kia,   3 (17.  —  Detail  of  Drip 


Automatic  DkY'-pipe  System. 

Prlneiples  of  Dry-pipe  Sjstem.  —  Where  buildings  or  por- 
fons  of  buildings  are  so  constructed,  or  where  the  nature  of  (he 
ccupajicy  is  such  that  the  premises  eannwl  be  kept  sufficvexx^A?^ 
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warm  to  prevent  the  water  from  freezing  in  the  ordinary  wet-pipe 
system,  recourse  must  be  had  to  the  dry-pipe  system,  in  which  a 
valve,  called  a  "dry-valve,"  is  introduced  in  the  supply  pipe  — 
as  at  the  base  of  riser  —  to  keep  the  water  out  of  the  piping.  The 
sprinkler  pipes  are  then  filled  with  air  under  pressure,  and  the 
reduction  of  this  air-pressure,  through  the  automatic  opening  of  a 
head  under  heat,  releases  the  ** dry-valve,"  thus  allowing  the 
water  to  rush  into  the  piping  to  find  outlet  at  the  open  heads. 

Dry-pipe  vs.  Wet-pipe.  —  A  dry-pipe  system  is  not  to  be 
recommended  where  a  wet-pipe  system  can  be  used,  but  it  is  far 
preferable  to  shutting  off  entirely  the  water  supply  in  a  wet- 
system  during  cold  weather,  which  latter  practice  is  not  sanc- 
tioned by  the  National  Board  rules.  Also,  a  dry-pipe  system 
must  be  maintained  throughout  the  year  unless  specifically 
changed  by  consent  of  the  underwriters,  for  the  reason  that,  in 
making  the  change,  the  possibiliti^  of  trouble  due  to  sediment 
introduced  into  the  pipes  by  filling  with  water,  the  chance  of 
freezing  in  improperly  drained  pipes,  and  the  possible  wrong 
adjustment  of  the  dry- valve,  all  more  than  counterbalance  the 
benefits  of  a  wet-pipe  system  while  it  exists,  even  making  allow- 
ances for  the  tightening  of  the  joints  through  the  effects  of  rust 
and  sediment  from  the  presence  of  water,  and  the  consequent 
improved  air-tight  qualities  which  would  follow  when  returned 
to  a  dry  system. 

Special  attention  has  been  drawn  by  manufacturers  to  the 
desirability  of  using  calcium  chloride  solution  in  automatic  sprink- 
ler systems  where  installed  in  warehouses  and  other  places  of 
extreme  exposure  during  the  winter  months.  They  state  that 
the  use  of  calcium  chloride  does  away  with  the  necessity  of  main- 
taining a  dry-pipe  system  with  the  extra  cost  of  installation  and 
the  attending  risk  of  disarrangement  by  leakage  of  water  into  the 
system  through  defective  valves  or  through  a  failure  of  the  air 
supply.  For  this  purpose  they  recommend  that  the  system  be 
filled  with  calcium  chloride  solution  of  1.225  or  1.250  specific 
gravity,  and  a  check-valve  installed  to  separate  this  from  the 
source  of  water  supply.* 

Disadvantages  of  Dry-pipe  Systems.  —  Wet  systems  are 
preferable  to  dry  systems  on  account  of  the  necessary  introduc- 
tion of  the  "dry-valve,"  which,  like  all  other  automatic  arrange 

*  See  "Freezing  Preventives  for  Water  Pails  and  Chemical  Extinguishers,'' 
by  J.  Albert  Robinson  in  National  Fire  Protection  Association's  "Quarteriy," 
January,  1912. 
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ments,  is  subject  to  failure  at  critical  times,  no  matter  how 
perfectly  conceived,  —  and  also  on  account  of  the  precious  .time 
which  must  elapse  during  the  opening  of  the  head,  the  release  of 
the  valve,  and  the  filling  of  the  pipes  by  water. 

It  can  be  seen  that  some  time  is  taken  by  these  operations, 
which  is  limited  by  the  rule  that  not  over  400  heads  shall  be  placed 
on  one  dry- valve,  and  is  also  dependent  upon  the  releasing  point 
of  the  particular  type  of  dry-valve,  and  the  air-  and  water-pres- 
sure which  may  chance  to  obtain  at  the  time  of  fire.  Under 
average  conditions,  this  period  will  vary  from  1  to  2  minutes. 
The  nearer  the  valve  is  located  to  base  of  riser,  the  less  large 
piping  there  is  under  air-pressure  and  the  quicker  is  the  opera- 
tion.* 

Where  exposed  to  cold  weather,  dry-pipe  valves  must  always 
be  enclosed  in  insulated  pits  or  closets,  heated  by  steam,  lantern, 
or  approved  electric  heater,  to  prevent  freezing,  A  2-inch  test 
pipe  should  also  be  placed  immediately  under  each  dry-pipe  valve 
in  order  that  the  presence  of  water  up  to  the  valve  may  be 
determined  at  any  time. 

Installation  of  Dry-pipe  System.  —  The  same  rules  regard- 
ing the  spacing  of  sprinkler  heads  and  the  size  of  piping,  etc.,  are 
used  for  dry-pipe  system  as  for  wet-pipe,  except  that  the  number 
of  sprinkler  heads  controlled  by  any  one  dry-pipe  valve  should 
not  exceed  400,  and  preferably  not  over  300.  This  is  in  order 
that  those  sprinkler  heads  farthest  away  from  the  dry-valve  may 
still  discharge  water  within  a  reasonable  period  after  the  release 
of  the  air  pressure,  for  manifestly  the  time  lost  between  the  fusing 
of  any  sprinkler  heads,  especially  those  at  or  near  the  ends  of 
branch  lines,  and  the  automatic  operation  of  the  dry-valve,  is 
dei^cndcnt  upon  the  number  of  sprinkler  heads,  the  length  and 
luunbcT  of  the  branch  hncs,  and  the  size  of  piping.  The  National 
lioard  rules,  therefore,  recommend  not  over  300  sprinklers  being 
dependent  upon  one  dry-pipe  valve,  and,  where  practicable,  even 
a  smaller  number  is  to  be  preferred,  say  not  over  200  or  250  heads. 
In  a  large  risk  the  system  should  preferably  be  divided  horizontally 
by  floors,  providing  separate  valves  for  each  two  or  three  floors;  or, 
the  system  can  be  divided  into  several  vertical  risers  so  as  to  keep 
not  over  the  maximum  number  of  heads  for  each  valve. 

Air  Pressure.  —  For  providing  air  pressure  in  the  piping,  the 
air  compressor  pump  should  be  of  sufficient  capacity  to  increase 

*  See  "Handbook  of  Fire  Protection  for  Improved  Risks,"  Crosby  an.dF\slB»* 
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the  air  pressure  no(  kss  than  one  pound  per  two  minutas  of  pm 
ing,  or  prt^ffTiibly  faster*     Stearn  or  electric  punipcj  are  to  bt- 
f erred,  tttid  the  air  supply  sliould  be  taken  through  a  i5rot<> 
screen  from  outside  source,  or  from  a  room  having  dry  air,  in  on 
that  aa  little  moisture  aa  possible  be  taken  into  the  system. 


Open  SpRmKLERs. 

Use  of.  —  Open  sprinklers  are  intended  to  provide  somewhl 
the  8iitnc^  kind  of  protection  for  a  building's  exterior  as  autoniiitk 
wet  and  dry-pipe  systems  do  for  the  building  s  interior  or  eontent| 
i.e.y  by  insiu-ing  the  prompt  presence  of  water,  and  its  raost  ( 
noraical  find  effective  distribution,  at  neeiled  points. 

In^tuUaMoii  of.  —  Open  sprinkler  systeow  contain  no  auCl 
rnatic  heads  or  alarm  valves,  consequently  they  are  entirely  < 
IK'n^lent  upon  humau  control.     They  do,  however,  constitute  &] 
valuable  means  fur  coping  with  exposure  hazard,  and  this  is  i 
complished  1  hrou^h  the  presence  of  special  sprinkler  heads  wt 
are  dway.s  opc-n,  and  which  are  distnbuteti  at  exterior  coroits 
envcjs,  over  windows ,  and  on  mansard  or  fieaked  roofs,  etc.     Thej 
heaik  are  connected  by  piping,  —  either  within  or  without 
building,  —  which  is  capable  of  being  filled  at  sliort  notice  eitJ 
from  some  constant  source  of  supply,  regulated  by  hand  valve,  i 
from  sidewalk  connections  with  steam  fire  engines.     Such  a  ( 
tribution  of  water  at  vulnerable  points  is  most  valuable  iin 
of  scrioiw  exposure  fire  in  adjacent  or  opposiLe  neighbors,  as  1 
^^s^lting  flow  of  waler  is  much  more  effectively  distributed  tla 
is  Ihe  water  from  hose  strcatas. 

Types  of  Heads.  —  Many  different  types  of  window,  con 
and  ridge-pole  sprinkler  heads  have  been  patented,  but  few  hafl 
hail  any  ejctended  use..     In  fact,  the  whole  scheme  of  open 
klers  has  not  been  de^^^loped  comparably  to  inside  auton 
eprinklejs. 

Heads  should  be  designed  to  accomplish  specific  work  in  t 
loeationa.  In  a  window  sprinkler  head  the  object  should  be  ( 
flood  the  opening  and  trim  as  evenly  as  possible.  For  a  con 
sprinkler  the  water  usually  requires  to  be  thrown  upward  for  son 
distance  — ^  so  as  to  wet  thoroughly  the  face  and  under  side  < 
cornice  —  as  well  as  laterally,  to  gi\^  side  distribution  over  wa 
areas.  Mo6t  of  the  sprinkler  companies  tise  the  same  type  ^ 
heads  for  both  window  and  cornice  protection^  while  for  ndge-p 
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sprinkler  heads  —  as  at  the  peak  of  combustible  roofs  —  they  use 

their  standard  automatic  head,  but  open,  without  valve  or  strut. 

Fig.  368  illustrates  the  Grinnell  window  sprinkler  at  full  size. 

The  Grinnell  cornice  sprinkler  and  the  International  eave  sprinkler 


Fia.  368.  —  "Grinnell"  Window 
Sprinkler. 


Fig.  369.  —  "Grinnell"  Comic© 
Sprinkler. 


are  shown  in  Figs.  369  and  370  respectively,  at  full  size.  These 
are  placed  on  the  under  side  of  the  piping  which  runs  along  below 
the  cornice,  with  the  shovel-shaped  deflectors  turned  toward  the 
building.     Fig.  371  shows  a  ridge-pole  sprinkler  head  at  one-fourth 


Fig.  370.  —  "  International "  Eave  Sprinkler.    Fio.  371.  —  Ridge-pole  Sprinkler. 

size.    These  are  placed  upright  on  the  supply  pipe  which  is  placed 
about  six  inches  above  the  ridge  of  roof. 
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Loeatlon  and  Number  of  Hemds.  —  Where  used  on  non- 
fire-f«siBting  buildings,  especially  those  of  exterior  wooden  con- 
struction, it  is  desirable  to  place  the  heads  in  such  locations  and 
numbers  as  to  insure  a  thorough  wetting-down  of  all  cornices  and 
wall  surfaces,  including  heads  over  dll  windows,  or  at  least  over 
each  vertical  row  of  windows.  On  brick  or  fire-resisting  buildings 
the  necessity  for  wetting  the  brickwork  does  not  exist,  but  the 
heads  should  be  arranged  over  each  window  in  vertical  rows  in 
such  maimer  as  to  flood  the  casings  and  glass  of  the  openings. 

For  windows  not  over  five  feet  wide,  one  sprinkler  should  be 
placed  at  the  center  of  the  window  head,  so  that  the  water  dis- 
charge therefrom  will  thoroughly  wet  the  upper  part  of  window, 
and,  by  running  down  over  sash  and  glass,  wet  the  entire  window 
to  the  greatest  possible  extent.  For  windows  over  five  feet  wide, 
or  where  mullions  divide  the  window  areas  into  separate  bays, 
two  or  more  heads  must  be  used,  as  required  by  the  Under- 
writers. 

Discharge  Orifice.  —  Where  but  one  horizontal  line  of  win- 
dow or  cornice  sprinklers  is  used  —  as,  for  instance,  at  the  cornice 
line  of  a  two-  or  three-storied  building  —  each  head  must  have  a 
smooth-bore  tapering  outlet  with  an  unobstructed  f -inch  diameter 
orifice.  Where  more  than  one  line  is  used,  the  following  size 
orifices  in  inches  must  be  followed. 
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Where  over  six  Hnes  are  used,  the  sizes  of  orifices  are  at  the 
option  of  the  underwriters  having  jurisdiction,  and  in  this  case 
it  may  be  preferable  to  omit  sprinklers  on  the  first  story,  or  pos- 
sibly even  on  the  second  story;  but  if  over  six  lines  are  used,  the 
system  should  be  divided  horizontally,  with  independent  risers  for 
different  stories.  Thus  where  eight  lines  would  be  required,  the' 
upper  four  lines  should  be  on  one  riser,  with  orifices  as  per  table 
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above,  while  the  lower  four  lines  would  be  similacrly  arranged  on 
another  riser. 

Pipe  Sizes.  —  The  National  Board  requirements  as  to  sizes  of 
piping  —  or  branch  lines  -^  and  as  to  feed  mains  or  risers,  will 
practically  determine  the  arrangement  of  the  system. 


If  j;r- 


PF 


aww\    WM    n 


V  V  ^  i^ 


im    pfi    PIT 
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SEE    ED 


Fig.  372.  —  Central  Riser  Installation  of  Open  Sprinklers. 

Thus  where  a  central  riser  is  used,  no  branch  line  should  supply 
more  than  six  heads.  Fig.  372  shows  a  central  riser  installation 
with  two  horizontal  lines  of  heads.     Where  the  **  gridiron  ' '  system 
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Fig.  373.  —  "Gridiron"  Arrangement  of  Open  Sprinklers. 

is  used  —  i.e.,  with  two  or  more  vertical  feed  risers  connected  by 
horizontal  piping  —  the  lines  between  risers  must  not  supply 
more  than  twelve  heads.  Fig.  373  illustrates  the  gridiron  arrange- 
ment. 
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The  sizes  of  lioriisontal  iJi|)inK  in  oither  central  riser  or  grklin 
system  must  be  in  at'cordauec  with  the  following  schedule: 


l-inoh  orif)co« 

/^.inch  orifice. 

|-Lach  orifig^ 

One  head 

Two  heads  

J-in.  pipe 
1-in.  pipe 

U-iri.  pipe 

i-'m.  pipe 

f-io.  pipl 

Three  heads 
Four  heads.  , 

l-in.  pipe 

Five  heads . 

Bix  heads .    . 

li-in,  pipe 

li-in.  p\[)e 

N,B,  —  In  the  gridiron  system  the  end  hetid  is  conaidcn 
beijig  the  one  dircrtly  in  the  center  if  the  number  is  odd,  or! 
either  si^Je  of  thp  eenter  if  Ihe  number  is  even. 

Risers  and  Feed  Mains*  —  Tlie  sizes  of  central  feed 
must  be  as  follow.^: 

ll-in.  not  over    t>  heads  3-in.  not  over  36  heads 

2-in.  not  over  10  heads  3  l-in.  not  o\^r  55  heads 

2i-in.  not  over  20  hca^Ls  4-in.  not  over  72  heads 

For  gridii^on  side  feed  risers,  use  the  same  she  schi'dule,  eou 
to  tlic  center  of  each  line.  If  the  mnid)er  of  heads  on  line  isi 
the  center  hesul  may  be  neglected  in  iip;uring  the  size  of  side  i 
but  supply  pipe  fef-ding  risers  must  be  figured  for  all  heads  i 
plied.  Also  where  feed  main,  including  ris^ers  to  the  first 
line,  is  over  25  feet  in  length,  such  feed  main  must  be  at  le 
size  larger  than  required  by  srhednle. 

Valves*  —  Eaf'h  central  feed  riser  must  have  a  controlling  \t 
of  approve^l  tyjie,  located  at  scune  accci^ssilile  point,  preferabljf' 
first  story.  'Where  side  fewl  risers  are  used,  Ihey  must  be  i 
nect^d  together  at  the  bottom  ami  liave  one  valve  so  looa 
to  control  both  ri.sers. 

Water  Supply.  —  The  water  supply  may  be  from  city  ' 
maints,  standpiyx*,  pum]i»  or  steamer  connection,  but  never 
any  prc^ssure  or  fn'avity  tank  uswl  to  supply  automat  ie  sprin 
unless  additional  capacity  is  especially  provifleiK     Water  sup 
should  be  of  sufHcient  cnpacitv  to  ff^^d  all  heatls  designed  lo|| 
opTat^Ml  at  one  time,  and  to  maintain  not  Irs.s  than   lO  pou 
pr€*saure  at  top  of  riser  for  not  less  tlian  one  hour.     Steamer  < 
nections  should  be  located  at  points  protected  from  severe  < 
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Window  Protection,  —  The  protection  of  window  areas 
againat  external  attack  by  Tire  is  coufesaedly  one  of  the  most 
important,  and  at  tlie  same  time  one  of  the  most  difficult  problems 
in  fire  protection.  The  necessity  for  aomf  adequate  protect  ion 
has  been  emphasized  by  every  large  conflagration  since  hie  pre- 
vention has  become  a  science,  and  reports  and  digest,^  on  the 
Paterson,  Baltimore  and  ^San  Francisco  fires,  besides  scores  of 
others,  have  all  contained  pointed  reference  and  recommendations 
regarding  Uie  nect^sily  for  improvement  in  this  direction.*  The 
importance  of  window  protection,  especially  under  conflagration 
conditions,  is  only  too  obvious,  and  if  our  serious  conflagratioiia 
have  done  nothing  more,  they  have  certainly  served  to  awaken 
&ome  adequate  sense  of  the  necessity  for  such  measm'es. 

Standiinl  tin-covered,  folding  iron,  aiu!  rolling  shutters  have 
all  given  gfx>d  accounts  of  themselves  in  mo^lerab*  fires,  but^  gen- 
erally BiX'aking,  tlu^se  tyt>es  will  not  develop  pci'^itive  tire-resistance 
under  conflagi^ation  conilitions  on  aceoimt  of  their  tendency  to 
warp  or  \^ilt,  unless  cooled  upon  one  side  by  the  application  of 
water - 

Wire  ghiss  windows,  in  soil  able  metal  frame^^  constitute  by  fai" 
the  least  objectionable  api^earing  device  for  the  protection  of 
openings  under  mmlerate  exposure.  Such  windows  will  prevent 
the  direct  piissagc^  of  [lame,  Init  the  great  radiation  of  heat  through 
tlic  glass  still  leaves  a  decided  hazaril  to  be  carwl  for. 

Th(^  use  of  open  sprinklers,  therefore,  may  be  made  to  ser\^e  as 
a  valuable  adjunct  to  any  type  of  window  protection,  and  there 
is  little  tloubt  that  their  installation  will  become  more  frequent 
and  better  appr(K'iated.  They  will  prove  a  valuable  reinforce- 
ment to  the  standard  tin-covered  shutter  under  severe  conditions, 
they  will  serve  to  keep  rolling  shuttei-s  wet  and  hence  insure  utmost 
eflicieiH^yt  while  (hey  will  also  gieatly  decrease  the  radiation  of 
heat,  through  wire  gla-ss.  Even  if  used  alone  for  moderate  ex- 
jMisure,  without  any  of  the  usual  types  of  window  protection  men- 
lionetl  above,  open  sprinklers  will  still  provide  a  fairly  efhcient 
protection  by  means  of  the  water  blanket  supplied  l>y  their  use. 

The  system  of  open  sprinklers  has  its  st  rong  advocates,  and  also 
its  opponents  —  the  latter  usually  advancing  the  fear  that  too 
great  rehance  will  be  placed  upon  the  sprinklers  alone,  insteaii  of 
looking  upon  them  as  an  economical  and  efficient  reinforcement 
to  sonic  other  type  of  i>rotection, 

♦  See  Chapter  XIV. 
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No  system  of  open  spnViklors  m  a  fumtivf'  che^k  against  seve 
exposuro  firo  in  the  saDie  sem^e  as  arp»  for  iiLstance,  standard  i 
tera;  and  the  faet  that  at  Imsi  tliey  art'  only  a  |)artial  b^ 
should  be  thoroughly  uinlcrsto*pd.  They  are  not  in  the 
clas^  as  fcihutter^s  or  wii'e  glass  wiiulows.  With  tlua  fact  cle 
in  mind,  namely,  that  in  no  Si^m^i?  ean  opni  i^prinklcrs  be  cla 
as  alternatives  with  wire  gln.ss  windows  or  shutters,  they  ean  I 
given  credit  as  a  valuable  ai<  J  in  protecting  against  exposure  fires, 
and  thetr  use  should  be  encouraged.  They  ean  often  be  used  to 
great  atlvantii^e  where  it  is  not  fVanible  tu  install  standard  shut- 
ters,  or  m  an  aid  to  steel  rolliTig  shutters,  or  for  light  to  moderate 
exposure,  such  iis  street  fronls  wherp  the  cost  of  shutters  or  wired 
gkiss  might  be  eonsidereil  prohibitive.* 

Actual  Tests  of  Open  Sprinklers*  —  In  report  No.  XIII 
the  Boston  Insiuanee  Engineering  Experiment  Station^f  d 
with  the  Baltimore  conflagration,  may  be  foimd  these  referei 
to  open  sprinklers: 

It  will  be  observed  that  a  large  building,  protected  by  buI 
matic  sprinklers  both  within  and  without,  suffereti  very  little 
w  as  doubtless  protectetl  in  large  measure  by  the^e  aafeguiL . 
This  immunity  from  loss  may  doubtless  be  in  |>art  crc«iited  to  tj 
sprinkler  protection;  it  w^ould  have  been  wholly  credited  hud 
not  the  wind  ehange^l  at  a  critical  time,  turning  fiside  the  extreiurt 
danger  to  which  this  buitling  would  otherwise  hrtvtdjoen  subjectd. 

Outside  or  eave  sprinklers  are  of  special  value  in  prevent- 
ing the  spread  of  fire  from  buiklinti;  lo  liuilding.  This  tkct  was 
fairly  demonstrated  at  the  ()'N<nl  Building  in  Baltimore^  yet  morv 
fully  in  the  Kilgour  Building  in  Toronto,  in  the  Mohair  Flush 
Building  in  Lowell  and  in  the  American  Bieyelc  Company's  Build- 
ing in  Nortli  Milwauk(^^,  The  latter  two  buildings  oseuped  with- 
out damage,  when  without  eave  sprinklor>}  they  would  probably 
have  suffered  a  heavy  loss,  if  not  total  (.le^tructioru 

/\  test  of  the  value  of  open  sprinklers  for  window  protection  was 
aJTorded  in  the  Utiea,  N.  Y.,  eonflagi-ation  of  May  10,  I9t)5,  At 
the  rear  of  a  large  department  store,  which  w^as  entirely  destroyed, 
was  the  Ut,ie^  Manual  Traiiung  Bchool. 

Tw^elve  large  windows  faced  the  fire  at  an  average  distance 
of  25  feet  (the  shortest  distance  being  23  feel ).  These  vvindowi 
were  prolocted  by  six  outside  sprinklers  and  not  even  a  light 
glass  was  eracketi. 

It  \^'as  the  general  opinion  of  all  that  theae  sprinklers  aan 
this  building  from  destruction.  It  w^as  impossible  to  put  shutti 
on  these  u^indows  on  account  of  the  very  snudl  size  of  the  pi< 
between  them,  antl  the  sprinklers  were  erected  as  a  substitute, 

♦  '^HundbcKjk  of  Fire  Frote^tioa  for  IrTiproved  Risks,"  Croaby  und  Fm 
t  By  Prrjf,  C'httrlpa  K.  Narton  und  Mr,  Edwiird  Aikinson. 
X  Sec  inauramx  JSngimcnaUi  ^Itt^'i  1905,  pvugfi  4S2* 
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Use  In  Mercantile  Buildings.  —  Many  mercantiU^  bLiildings, 
especially  stores  and  man ufac luring  buildings  located  in  Uje  con- 
gested areas  of  large  cities,  are 
now  equipped  with  open  win- 
dow fiprinklerg;.  A  typical  span- 
drel section  of  the  firo-resi toting 
Siegel  department  store  (Ijiiilt 
in  lioston  in  1906),  showing  ilie 
location  of  a  window  sprinkler 
head,  is  illustrated  in  Fig.  374. 
Open  window  sprinklers  must, 
of  coiu"se,  be  placed  on  an  en- 
tirely separate  system  of  piping, 
riserH,  ete.^  from  in^^ide  wet  or 
dry  sprinklers. 

For  further  information  con- 
eerninj^  open  spriiiklerhi,  esjx'- 
cially  a.s  actually  applieil  to 
many  mercantile  bniidiiigs,  aee 
illustrated  article  '*  Outside 
Sijririklers  aa  a  Proteetion  against  Exposure/'  by  Henry  A, 
Fiske,  in  Insurance  Engineering j  Marcli,  1905. 


,—  4— Window 


FiQ.   374-  —  Oppn   Sprinkler   Hoada, 
Siegel  Store,   Boaton^ 
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Principle  of,  —  Basement,  or  perforated  sprinklers,  constitute 
a  variation  of  the  open  sprinkler^  apphetl  to  tin'  pruleetion  of 
basements  or  other  floors  below  the  j*treet  level,  where  conditions 
render  hose  or  nozzle  work  impctsaible.  Instead  of  heads  at  cer- 
tain fixed  points  for  the  distribution  of  water,  b^Lstnueiit  .sprinkli^rs 
consist  of  jjipiag  (impended  from  the  ceilings^)  which  is  perforated 
with  open  holes  at  frt^fpient  intervals  and  eonnected  with  a  steamer 
connection  at  the  sidewalk  level. 

The  wa^te  of  water  m  perforated  sprii\klers  is,  of  eoiu'se,  far 
greater  than  in  automatic  or  dry-pipe  sprinkleri^,  and  i^  prctbably 
equal  to  or  even  greater  than  the  waste  iji  open  or  exteiTial  ^f>rin- 
klera-^with  tlie  added  disadvantage  that  tiio  continuously  per- 
forated pipes  di.scharge  water  at  random  over  their  entire  length 
and  over  stock  and  contents  regardless  of  the  actual  location  of 
the  seat  of  the  fire.  But,  at  the  same  time,  the  perforated  sprint 
kler  often  accomplishes  promptly  what  the  fii-emen  cannot  do  with- 
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out  grave  danger  and  serious  delay,  namely,  the  eximguishmi 
of  a  serious  biiseniunt  fire  with  it;a  usual  accompaniment  of  doJ 
and  overpowering  sraoke. 

I  ncr  easting  Number  of  Sub -cellars.  —  The  great  chaj 
wiiic'h  took  plate  in  building  construction  tlirough  the  introdi 
lion  of  steel  skeleton  construction  also  served  to  present  new  and 
Berious  problems  of  fire  protection,  particularly  in  regtu-d  to  tlir- 
vertical  extcnHion  of  office  and  commercial  buildings^  both  upwani. 
as  in  slruclures  of  immoderate  height,  and  downward,  as  in  t 
GQses  where  sub-cellars  and  even  su^j-sub-cellars  have  been  in 
duced.     These  new  pnjbletn*i,  and  their  reflation  to  fire  dq 
meot  work,  are  more  fully  di.scuswscit  in  other  chapters  treating 
stand  pi  pt^,  Kose-reelfi  and  other  auxihary  appliances  which 
come  into  bein^  under  the  new  conditions,  but  it  is  pertinent  i 
diHcussion  of  basement  sprinklers  to  remark  that  that  system 
al'=io  an  outgrowth^  in  a  great  mcf^sure,  of  the  new  circunist 
which  had  to  be  met. 

Dangers  of  Basement  Fires-  —  To  all  those  who  live  io 
cities,  the  spectacle  of  the  long  and  trying  light  between  the 
department  and  a  serious  basement  or  collar  fire  is  fatnii 
Many  such  fires  have  occurred  in  New  York  and  other  large 
cities  where  iiitiny  firemen  have  succumbed  to  the  effects  of  thw 
overpowering  smoke  in  eilher  attempting  to  fight  the  fire  at  do» 
range  or  to  rescue  those  comrades  who  had  fallen  at  the  foot  <i 
stairs  or  ladders  leading  to  the  smoke-charged  basement.  Ad 
entire  engine  company  has  been  wo  disabled  in  New  York. 

Frequency  of  Basement  Fires.  —  That  tires  originating  in 
basc^ment,  or  underground  areas  are  more  frequent  and  mopr 
severe  than  is  jxipularly  supposed  is  shown  by  the  fire  record  in 
JS'ew  York  City,  where,  during  the  period  covered  by  the  yean 
lS9ij  to  194}5,  both  ineluKive,  50  such  firen  occurred^  an  average 
5  per  year,  with  a  total  loss  of  f8,4t>t),0l4,  or  an  average  loss 
year  of  §K4(),CK)1  an<l  an  average  loss  jier  fire  of  ^lf39,2tK). 

Basement  Sprinklers  from  the  Flreman't»  Stundpoliit 
Cliief  of  Battahon  William  T.  Beggin,  formerly  in  cliarge  of  ti 
Bureau  of  \  iolations  and  Auxiliary  Fire  Apphances  of  the  N 
York  Fire  ) department,  thus  summarizes  the  dangers  of  cellar 
from  the  fireman^s  standpoint: 

On  an  upper  floor  it  is  generally  possible  to  provide        _ 
ventilation  so  as  to  relieve  a  smoke-charged  atmosphere  Uj  thr 
extent  that  men  can  live  in  it  long  enough  to  get  water  on  iLe  , 
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fire,  but  the  underfcround  floor  nirely  offers  any  opporttinitios  af 
vpnlilation.  To  isend  iiK^n  down  into  a  cellar  i.s  not  otily  to  c[aii- 
p;erously  overtax  their  physical  organism  but  al^so  to  risk  Iheir 
liva-^,  for,  if  overcome,  they  may  fall  out  of  sight  of  their  couiradea, 
and  in  the  effort  to  rcaeiie  them  others  may  be  saerifit^ed.  Under 
any  cireiiniHtances  men  can  work  only  for  a  short  time  in  a  smoke- 
eharged  atmosphere,  and  they  even  then  suffpr  from  the  eflfects 
of  it  for  myme  days.  The  disabling  of  men  explains  the  sending 
of  extra  alarms  for  cellar  fircw;  it  is  necessary  not  only  to  have 
additional  men  to  relieve  tlioso  incapacitated  but  also  to  perform 
the  extra  work  required  to  extinguish  such  fires.  In  accordance 
with  the  established  custom  of  entering  buildings  and  fighting 
fires  at  close  quarters,  an  attempt  is  always  niade  to  nnuih  the 
cellars  by  the  usual  means  of  access,  such  as  stairi^'ays,  elevators 
or  other  shafts,  but,  as  a  rule,  conditions  make  this  physically 
impossible,  and  it  becomes  necessary  then  to  make  openings 
wherever  possible  in  order  to  carry  oti  the  smoke,  if  Ihere  are 
sidewalk  light s^  these  arc  broken  open,  holes  arc  cut  in  the  floors, 
and  all  possible  outlets  are  provided  for  the  escape  of  smoke. 
Into  these  openings  are  put  cellar  and  suh-cdiar  pipes  and  dis- 
tributing  nozzles,  which  discharge  water  in  a  circle,  but  this  is 
working  at  random^  for  it  is  usually  diOieult  to  locate  the  fire  or 
to  bring  the  cellar  pipes  to  bear  on  it.  A  cellar  belching  forth 
smoke  and  gas  like  an  active  volcano  is  b(*yontl  human  endurance 
at  close  quarters,  and  there  is  nothinp;  left  but  to  turn  tlie  lines 
into  it  and  drown  out  the  fire.  This  means  not  only  water- 
eoaking  all  the  contents  in  the  sub-cellar  but  in  the  cellar  as  weU; 
it  possibly  means  the  spreading  of  tlic  water  through  the  founda- 
tion walls  into  the  adjoining  cellars  or  down  into  tlie  soil  and 
under  the  w^alls,  with  consequent  water  damage  in  other  prem- 
ises; it  means  excessive  smoke  damage  throughou(  the  upper 
floors;  it  means  a  chance  of  the  fire  getting  such  heaflway  that 
all  the  efforts  of  Ihc  firt^incn  cannot  confmc  it  to  the  undergroun<l 
floors;  and  it  means  an  extra  tax  on  tlie  men  and  apjiaratus,  with 
the  result  of  reducing  the  protection  for  other  districts.  The 
damage  from  cellar  fires  is  iudicatetl  by  the  record  of  prominent 
fires  which  originated  in  such  places  and  extended  throughout 
the  building.* 

Basemenl  Sprinklers  from  the  Insuratire  Standpoint.  — 

Insurance  interests  generally  do  not  look  with  favor  on  the  em- 
ployment of  perforated  spritiklei-s,  for  the  reason  that^  when  utd- 
ized,  8uch  basement  sprinkler  pifjcs  discharge  water  copiously 
from  the  entire  system,  regardless  of  the  extent  of  the  actual  fire^ 
thiLs  often  resultmg  in  a  disproportionately  large  water  damage. 

The  use  of  perforated  pipe  systems  should  he  prohibited,  as 
such  systems  are  unreliable,  inefficient  and  liable  to  result  in 
water  damages  wholly  tlisproportionate  to  the  extent  of  fire. 
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Where  it  is  desirable  to  protect  only  a  part  of  a  building,  a  system 
of  automatic  sprinklers  with  adequate  water  supply  should  be 
employed  and  the  portions  protected  plainly  marked  at  the 
Siamese  steamer  connections  on  the  outside  of  the  building.* 

New  York  City  Law  regarding  Basement  Protection.  — 

It  was  partially  to  meet  the  new  conditions  of  building  construc- 
tion previously  mentioned  that  the  Greater  New  York  charter 
(Section  762)  provided  that  the  owners  or  proprietors  of  practically 
every  class  of  building  (save  private  residences)  should  "provide 
such  means  of  communicating  alarms  of  fire,  accident  or  danger, 
to  the  police  and  fire  department,  respectively,  as  the  fire  com- 
missioner or  police  board  may  direct;  and  shall  also  provide  such 
fire  hose,  fire  extinguishers,  buckets,  axes,  fire-hooks,  fire-doors  and 
other  means  of  preventing  and  extinguishing  fires  a^  said  fire  com- 
fnissioner  may  direct."  The  equipment  of  cellars  with  fire  eictin- 
guishing  appliances  is  also  called  for  by  Section  102  of  the  New 
York  Building  code,  which  rcciuires  the  following  under  "Auxiliary 
Fire  Apparatus  for  Buildings:'* 

In  such  buildings  as  are  used  or  occupied  for  business  or 
manufacturing  purposes  there  shall  be  provided,  in  connection 
with  said  stiind-pipc  or  pipes,  one  and  one-half  inch  perforated 
iron  pipes  placed  on  and  along  th(^  ceiling  line  of  each  floor  below 
the  first  floor  and  extonfling  to  the  full  depth  of  the  building. 
Such  perforated  i)ii)e  shall  b(^  j)rovi(led  with  a  valve  placed  at  or 
near  the  standpijx',  so  that  the  water  can  be  let  into  same  when 
deemed  necessary  by  the  firemen,  or  in  lieu  of  such  perforated 
pipes,  automatic  sprinklers  may  be  put  in. 

Under  the  i)reviously  (juoted  authority  of  the  Greater  New  York 
charter,  these  requirements  as  to  basement  protection  have  been 
actively  enforced  by  the  New  York  Fire  Department,  through  its 
Biir(;au  of  \'iolations  and  Auxiliary  Fire  Appliances;  and  a  great 
number  of  premises  have  been  so  equipped  under  compulsory 
orders,  mostly  with  perforated  pipes,  but  other  premises  with 
automatic  sprinklers. 

New  York  Fire  Department  Regulations.  —  The  New  York 
Fire  Department  regulations  as  to  perforated  pipes  in  cellars  or 
sub-cellars  are  ius  follows: 

All  perforated  pipe«  to  be  of  wrought-iron  or  steel,  and 
capable  of  withstandmg  a  pressure  of  300  pounds  to  the  square 

*  Report  of  W,  C.  RobinscHi,  Chief  Engineer,  Underwriters*  Laboratories, 
oa  Fire  m  Parker  Buildms. 
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inch.  They  shall  be  suspended  with  proper  hangers,  not  less 
than  6  inches  b(;low  the  ceiling  and  parallel  thereto,  running  full 
depth  of  building,  and  placed  12i  feet  apart  on  centers,  and  6  feet 
from  side  walls,  securely  fastened  and  properly  braced  to  with- 
stand vibration.  The  pipes  must  be  1^  inches  mternal  diameter, 
perforated  with  1-16  inch  drilled  holes,  holes  to  be  on  the  quar- 
ters, or  45  degree  lines,  2  inches  apart  longitudinally,  and  stag- 
gered, thus  making  24  holes  per  running  foot  of  pipe.  These 
IJ-inch  pipes  to  be  connected  with  a  feed-pipe  4  inches  internal 
diameter,  placed  close  to  and  parallel  to  front  or  side  walls  of 
building,  and  connected  by  and  with  a  4-inch  pipe  terminating 
outside  of  said  wall  in  a  3-inch  Siamese  connection  which  must 
be  fitted  with  proper  clapper  valve  or  valves;  one  Siamese  con- 
nection to  furnish  water  to  no  more  than  a  total  of  400  feet  of 
perforated  pipe,  and  no  single  hne  to  be  longer  than  100  feet. 
Sub-cellars  to  have  separate  equipment. 

A  suitable  iron  plate  on  outside  of  building,  with  raised 
letters,  must  be  fastened  to  the  wall  or  other  approved  place  near 
cellar  connection,  to  read  "To  Perforated  Pipes  in  Cellar." 
Sign  for  sub-cellar  to  read  "To  Perforated  Piles  in  Sub-Cel- 
lar." 


Efficiency  of  Sprinklers:  Statistics. 

Turning,  now,  to  a  consideration  of  the  efficiency  or  failure  of 
sprinkler  protection,  some  stati.stics  will  be  given  demonstrating 
the  former,  and  some  fires  described  briefly  which  will  illustrate 
the  latter.  From  these  two  viewpoints,  the  valu(j  of  si)rinkler 
protection  and  its  weaknesses  may  be  pretty  accurately  deter- 
mined. 

Boston  Manufacturers'  Mutual  Fire  Insurance  Com- 
pany. —  This  is  the  mutual  fire  insurance  company  —  making 
a  specialty  of  sprinklered  mill  and  factory  risks  —  of  which  the 
late  Edward  Atkinson  was  president.  From  their  report  for  the 
year  ending  December  31,  1911,  it  appears  that  the  amount  at 
risk  on  that  date  was  $357,691,997.00.  For  the  fifteen  years  from 
January  1,  1897,  to  January  1,  1912,  the  rislcs  \\Titten  amounted 
to  $3,302,812,120.00,  on  which  the  average  Ions  per  hundred  dollars 
was  3.52  cents.  The  annual  cost  of  insurance  on  i)olicies  ter- 
minated in  that  period  was  6.55  cents  per  hundred  dollars. 

The  total  number  of  claims  for  losses  in  the  year  1911  amounted 
to  499,  at  an  average  loss  per  claim  of  $162.88,  or  a  loss  ratio  of 
2.32  cents  per  hundred  dollars  insured. 

The  Effect  of  Sprinkler  Protection  upon  the  Loss  Ratio  is  shown  in 
tabular  form  as  follows: 
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Years. 

Amount. 

Loflsas. 

RAteolkM 
toamout 

writtaB. 

per  nod 

1850-1875  incl 

1876-1895  incl 

1896-1911  incl 

$406,284,084 
1,561,259,471 
3,416,225,184 

$1,027,536.98 
2,809,203.32 
1,241,062.36 

SO  2529 
O.1810 
0.0363 

61  year8= 

$5,373,768,739 

$5,077,802.66 

$0.0944 

The  years  1850-1875,  inclusive,  represent  the  period  during  whidi 
the  mills,  etc.,  at  risk  were  unequipped  with  automatic  sprin- 
klers, —  the  years  1876-1895,  inclusive,  the  period  during  whid 
plants  were  being  equipped  with  sprinklers,  —  and  the  yeais 
1896-1911,  inclusive,  the  period  when  risks  were  fully  equipped 
with  sprinklers. 

The  constant  improvement  year  by  year  in  matters  of  construo- 
tion,  fire  protection  equipment,  inspection  and  maintenance  have 
naturally  greatly  decreased  the  cost  of  insiurance.  Thus  the 
average  annual  cost  of  $100  insiu-ance,  divided  into  ten  year 
periods,    has    been : 

1850-1860,  lOi  years,  $0.4373 
1861-1870,  10  years,  0.2795 
1871-1880,  10  years,  0.2538 
1881-1890,  10  years,  0.2271 
1891-1900,  10  years,  0.1436 
1901-1910,  10    years,    0.0676 

This  record  speaks  for  itself. 

Boston  Sprinkler  Fires.  —  During  the  year  ending  October 
31,  1906,  thirty  fires  in  sprinklered  risks  occurred  in  the  city  of 
Boston,  causing  an  aggregate  loss  of  $5722,  or  an  average  of  $190 
each,  the  maximum  loss  being  $2500.  Regarding  these  fires,  the 
annual  report  of  the  Boston  Board  of  Fire  Underwriters  stated: 

There  was  perhaps  not  one  of  these  thirty  buildings  wh«« 
the  fires  were  thus  promptly  extinguished  by  the  automatic- 
sprinklers  in  which  the  insurance  companies  did  not  have  at 
risk  at  least  $50,000,  while  in  a  number  of  instances  the  insurance 
involved  amounted  to  several  hundred  thousand  dollars.  It 
;5;hould  be  added  that  in  most  of  these  instances  the  building 
were  used  in  part,  al  Veasl,  ioi  m^oMiafituring  purposes,  and  if  the 
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fire  had  attained  headway,  it  could  not  easily  have  been  ex  tin-         ^H 
guished.                                                                                                            ^^1 

Sprinkler  Statistics  of  National  Ffre  Protection  Asso-         ^H 
elation,  etcv  —  The  most  complete  statistics  of  fire^j  in  sprin-         ^H 
klered  ntika  ure  tfjase.  compiled  by  tho  Natiimal  Fiw  Protection          ^H 
Association.     All  sprinkler  fires  of  whatever  nature  throiigiionl         ^^M 
the  United  Htatcs  which  are  reported  to  that  Afisoeiation  by         ^^| 
incmbers  or  through  other  fluiiuit^s  are  tabulated  anfi  classified          ^^| 
by  card-indeXf  and  annual  .suunjKnies  ot  such  lires  are  publishmL         ^H 
These  records  have  been  carefully  kept  since  the  formation  of  the         ^H 
Association  in  1807,                                                                                     ^H 

The  April,    1911,  Qu£U"terly   Magazine  of  the  National  Fire         ^H 
Protection  Association  gives  the  following  summary  for  the  year         ^H 
1*U1  and  for  the  fourteen  years'  record  from  1S97  to  1911 :                         ^H 

EFFECT  OF  SPRINKLERS  TN  FIRES.                                      ^| 

' 

Number  of  firea* 

Per  eont .  of  nuia-             ^^H 

hfnt  H'ilb  data              ^^M 

given.                    ^^1 

1911 

IdOTtol&lt 

1911 

lS97to          ^M 
ion           ^^ 

Practically    at    entirely   extin- 
guished fire..  ...,.,., 

Held  fire  in  check 

Total  successful 
Unsatisfactory.                               . 

Total 

646 
4t)3 

7,181 
3,514 

59.48 
37  J 1 

63.79         H 
31.22         ^ 

1049 
37 

10,695 
562 

06-59 
3.41 

95.01         H 
4,99         ^ 

1086 

1U257 

1 

Statistics  of  Un^attsfaetory  Fires*  —  Unless  the  sprinkler         ^| 
supervisory  .system  is  used,   the   personal  equation   necessarily          ^H 
enters  into  all  sprinkler  protection,  as  is  more  fully  pointed  out          ^H 
in  following  paragraphs  and  also  in  Chapter  XXXVl  on  Inspection          ^H 
and  Maintenance;   hence  4.9t>  jier  cent,  of  unsati.^fM*  tory  fires  in          ^H 
ti  very  comiilete  record  of  fourleen  years  is  certainly  commcodable         ^H 
if  not,  rem^irkable.     These  statistics  are  still  more  fa%'orahle  to  the         ^H 
purely  raechanical  functiouB  of  the  automatic  sprinkler,  riifferen-         ^H 
tiated   from    the  human   agency  which   often   determines   their          ^H 
efficiency  or  failure,  when  the  causes  of  the  unsatisfactory  fires         ^H 
are  inveuligated.     TbuiSj  the  63  unsatisfactory  fireti  reported  in        ^H 
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1Q07  rrsullf^d  in  a  piiHitil  or  total  fivilurn  of  iht'  t>prinkler  service 
to  perfttrrn  its  prc>|K'r  funclions  for  the  following  causes: 

Wfitor  ^hut  ofT  for  unknown  r^asorij  nr^lect  or  carelessness  S 

Wilier  shut.  olT  dm^  to  fr«<?2iiig . 1 

WatiT  shut  off  before  fire  waa  out  .  .  .  I 

Water  shut  off  dut'  to  rt^pair^ , .  ,  ,  I 

Water  shut  ofT,  sysleni  out  of  service .  .  j 

Water  sliut.  off  in  genera  for  room i 

Waler  shut  ofT  due  to  flood . ,  ,  . ,  .  I 

*Gi'ner!iUy  defective  or  obsolete  equipuient^  including  unaf)- 

proved  or  defective  sprinklers  ....,...,,. ,,,,..,  7 

*Haj5utd  of  oceupaney  and  construction  beyond  eontrol  uf 

sjiriiiklers  as  installed I 

Exposure '> 

Fire  oecurriniLT  in  unsprinkk-d  section  of  building  J 

Oh.strvictioD.H  to  distribution ] 

Water  supplies  or  system  crippled  by  (explosion  .  . 
*Fire  gained  headway  under  light  wiiter  pressure 

*HuppIy  system  (Tippletl  bj^  freezing 

*CQneeaIecl  spaces ,,,.,.. 

*High-te$t  lieads  failed 

*Inoperative  or  defective  dry  valve 

^Insufficient  writer  supply  ttirough  sitevX  collection ,..,.,  1 

W'aterworks  supply  liefective  or  temijorarily  ttoi  of  service  I 

*iSIow-acting  dry  system 1 

Fire  outside  of  building  or  on  roof  1 

*!Sprinklers  clogged I 

^Defective  sprinkler  alarm I 

Gravity  tank  temporarily  out  of  eerWee.  .  .  1 

Total ^ 

^  Thus  in  18  cases,  or  34  per  cent,  of  tlie  total,  failure  occurred 
through  the  remttliul  shutting  off  of  watc'r  supplies;  while  in  only 
18  other  cases  (those  marked  with  an  asterisk  in  the  aliove  table) 
could  the  sprinkler  mechanism  itself  be  held  accountable.  Expo- 
sure fires,  fires  spreading  from  imsprinklered  portions  of  a  building, 
obstructions  to  distribution  {usually  caused  by  tenants  in  stacking 
contents),  explosions,  wiUer  works  or  gravity  tanks  out  of  service, 
fires  on  roofs,  are  all  causes  which  should  not  properly  be  con- 
sidered legitimate  failures  in  the  sprinkler  service  itself-  Could 
elements  of  danger  of  a  similar  nature  be  entirely  eliminated,  the 
fire  problem  woultl  he  solveil. 

Two  other  iiarticularly  interesting  facts  arc  presented  by  the 
tabidations  of  the  National  Fire  Protection  Association,  namely, 
that  in  1897-lt>llj  while  710  firc\s  were  discovered  and  reported 
by  the  sprinkler  alarm ^  ouly  57  fires^  or  8  l>er  cent.|  failed  promptly 
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to  report  by  sprinkler  alarm,  also  that  30  per  cent,  of  all  sprinkler 
fires  from  1897  to  1911  inclusive  called  into  action  but  one  sprinkler 
head. 
Wet-pipe  Versus  Dry-pipe  Statistics.*  — 


EflkiiHicy  of  wet  or  dry  syslem, 

Number  of  Btch* 

Per  eeat.  el  firo$. 

1 

B 

l' 

1 

< 

1 

^0 

11 

681 
236 

.3 

1 

236 
l!2 

1 
1 

57 
44 

li 

III 

1 

P 

Wet  system.... 
Dry  system... . 

974 
392 

71 
29 

58 

m 

5.2 
1L7 

70 
60 

24 

29 

6 
11 

TotaL..,.. 

1366 

m 

7,0 

D17 

348 

101 

67 

26|     7 

1 

It  will  be  noted  that  about  30  per  cent,  of  all  fires  occurred  in 
risks  protected  by  the  dry-pipe  system.  The  average  pressure 
was  about  the  same  with  either  system.  The  average  number 
of  sprinklers  opened  was  considerably  more  than  twice  as  many 
with  the  dry  system  as  with  the  wet  system.  The  percentage  of 
unsatisfactory  fires  was  nearly  twice  as  great  with  the  dry  system 
as  with  the  wet. 

A  brief  analysis  of  these  44  dry  system  failures  is  as  follows: 

Defective  dry  valve  or  apparatus 4 

Too  many  sprinklers  on  a  dry  valve 4 

Slow  action  of  dry  system  combined  with  obstructions 2 

New  dry  valve  being  installed 1 

Freezing  of  improperly  drained  system 1 

Making  a  total  of  12  fires  where  the  unsatisfactory  action  of 
the  sprinklers  is  largely  if  not  entirely  due  to  the  fact  that  there 
was  a  dry  system.  This,  it  will  be  noted,  is  a  little  over  a  quarter 
of  the  whole  number  of  unsatisfactory  fires  on  a  dry  system. 

The  other  32  fires  may  be  classified  as  follows: 

Pire  started  in  unsprinklered  portions 6 

Water  shut  off 5 

Sawdust  or  other  dust  explosions 4 

Generally  defective  equipment 3 

Exposure  fires 3 

Dry  kiln  fires 3 

Dip  tank  fires 2 

Miscellaneous 6 

*  See  April,  1908,  "Quarterly"  of  National  Fire  Protection  Association. 
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The  12  unsatisfactory  fires  wh&e  the  dry  Sj^stem  was  ao- 
countable  for  the  failure  of  the  sprinklers  illustrate  sevcsral  im-' 
portant  demands: 

First,  to  use  only  approved  dry-pipe  apparatus,  thus  dimi- 
nating  as  much  as  possible  the  chances  of  failure  of  dry-pipe  vahc 
itself. 

Second,  to  have  a  small  number  of  sprinklers  on  a  aiD^  dnr 
Erystem.  (The  rules  require  not  exceeding  500  heads  on  a  angle 
dry-valve.) 

Third,  system  to  be  arranged  so  as  to  drain  propa'Iy,  aod 
peat  care  to  be  taken  that  all  water  be  drained  from  system  dmy 
mg  cold  weather. 

Fourth,  whenever  a  drv  valve  is  sent  away  for  repairs  or  a 
new  dry  valve  is  being  instafled,  care  to  be  exercised  to  keep  water 
on  system  as  much  as  possible  or  to  have  system  intact  so  that 
water  can  be  turned  on  in  case  of  need.  The  rules  require  that  a 
diunmy  flange  be  kept  on  hand  so  that  it  may  be  inserted  in  tiie< 
riser  and  thus  keep  the  system  intact. 

With  dry  systems  it  is  more  than  ever  necessary  to  have  out- 
side control  for  the  sprinkler  system  so  that  water  may  be  turned, 
on  sprinklers  without  going  into  the  building. 

llnsattsfactory  Sprinkler  Fires.  —  In  further  reference  to 
the  aforementioned  unsatisfactory  sprinkler  fires,  the  Commit- 
tee of  the  National  Fire  Protection  Association  on  "  Special 
Hazards  and  Fire  Record"  reported  as  follows:* 

The  Association  year  1906-7  is  especially  noteworthy  in 
the  large  number  of  heavy  losses  due  to  failure  of  sprinklers  to 
hold  fire  in  check.  Beginning  with  the  Lynn  fire  in  December, 
1906,  there  was  a  regular  epidemic  of  serious  fires,  including 
Marietta,  Ga.,  Dover,  N.  H.,  Springfield,  Mass.,  Bufifalo,  N.  Y, 
Philadelphia,  Pa.,  and  Troy,  N.  Y.,  all  occurring  inside  of  im 
months  and  approximating  a  property  loss  of  two  million  dollan 
in  seven  fires.  Nothing  like  this  has  ever  before  happened  in  the 
history  of  sprinklered  risks,  and  the  reasons  therefor  deserve 
careful  study. 

Three  of  these  fires,  or  over  half  of  the  total  loss,  were  due 
to  water  being  shut  off  the  sprinklers,  and  in  each  case  the  sprinr 
kler  system  would  otherwise  undoubtedly  have  controlled  the  fire 
with  small  loss.  The  Dover  case  was  a  peculiar  one  in  that  the 
system  was  shut  off  for  a  very  brief  penod  to  replace  a  broken 
sprinkler. 

The  Springfield  case  was  a  mistake  of  a  ni^tman  in  shut- 
ting off  the  water  before  fire  was  entirely  extinguished.  The 
Philadelphia  case  appears  to  have  been  pure  carelessness  in  leav* 
ing  valve  closed  after  some  repairs.  The  other  serious  fires  men- 
tioned were  due  to  boiler  explosion,  frozen  system  or  obstnictioa 
from  waste  paper  stock,  generally  defective  system,  and  stock 

*  See  Eleventh  Annual  Proceedings. 
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piled  around  sprinklers.  With  one  exception  the  risks  would  have 
been  classed  as  good  in  that  the  equipments  were  generally  satis- 
factory and  should  have  controlled  the  fire  with  small  loss  under 
normal  conditions. 

The  table  shows  that  during  the  last  year  there  were  18  fires 
ivhere  water  was  shut  off  for  one  reason  or  another,  this  being 
54%,  or  over  one-third,  of  all  the  unsatisfactory  fires.  A  larger 
percentage  than  heretofore,  and  emphasizing  still  further  the  im- 
portance of  keeping  gate  valves  open  at  all  tunes.  This  is  prob- 
ably the  most  important  problem  that  confronts  those  interested 
n  automatic  sprinkler  protection.  A  satisfactory  and  properly 
laaintained  sprmkler  supervisory  service  should  be  of  much  value, 
ijid  these  systems  are  oeing  carefully  investigated. 

Defective  or  partial  equipments,  faulty  building  construc- 
tion and  exposure,  as  usual,  play  an  important  part,  but  perhaps 
beach  no  new  lessons,  simply  emphasizing  anew  these  features. 
There  were  four  cases  of  sprinkler  systems  crippled  by  explosion, 
this  being  more  than  has  ever  before  occurred  in  any  one  year 
and  aggregating  nearly  8%  of  the  whole  number  of  unsatisfactory 
fires.  One  was  a  boiler  explosion  causing  a  loss  of  about  $500,000, 
two  were  dust  explosions  and  one  a  natural-gas  explosion. 

Of  the  unusual  occurrences  may  be  noted  one  fire  in  saw- 
dust on  roof,  one  case  of  sprinklers  clogged  by  cinders  or  gravel, 
one  case  where  a  dry- valve  alarm  failed  and  a  large  gravity  tank 
was  drained  before  fire  was  discovered,  and  one  instance  where 
there  was  temporarily  no  automatic  supply  to  sprinklers  due  to  a 
new  gravity  tank  b(jing  installed;  also  there  were  two  serious 
losses  directly  due  to  flood,  this  being  a  distinctly  new  hazard  in 
connection  with  sprinklered  risks. 

Altogether  the  ''sprinklered  mortality,"  if  such  it  may  be 
called,  is  particularly  noteworthy,  there,  however,  being  much 
consolation  in  the  fact  that  these  troubles  can  be  largely  overcome 
through  a  proper  miderstanding  of  the  problems  involved  and 
the  cooperation  of  the  assured;  furthermore,  another  year's 
record  goes  to  still  further  prove  that  the  automatic  sprinkler  of 
approved  type  is  absolutely  reliable,  sure  in  action  and  certain 
to  control  fires  under  normal  conditions  with  the  system  in 
service. 

Examples  of  Unsatisfactory  Fires.  —  The  epidemic  of  seri- 
ous sprinkler  firOs  reforrc^l  to  in  the  opening  paragraph  of  the  above 
report  is  remarkabhi  in  that  three  such  serious  fires  in  sprinklered 
risks  occurred  within  a  single  week:  namely,  the  Cocheco 
Cotton  Mill  at  Dover,  N.  H.,  on  January  26,  1907,  the  plant  of 
the  Phelps  Publishing  (Company,  Springfield,  Mass.,  on  January 
is,  and  a  machine  shop  of  the  Baldwin  Lrocomotive  Works  at 
E^hiladelphia,  Pa.,  on  January  29.  The  aggregate  property  loss 
::>y  these  three  fires  was  over  $1,000,000,  and  there  is  little  wonder 
::,hat  their  occurrence  within  so  short  a  space  of  time  should  have 
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caused  misgivings  as  to  the  reliability  of  sprinklers,  on  the  part 
of  owners  and  insurance  interests. 

Inasmuch  as  each  one  of  these  fires  forcibly  illustrates  the  great- 
est weakness  inherent  in  sprinkler  protection,  namely,  the  absolute 
necessity  for  either  intelligent  human  control  —  including  constant 
inspection  and  prompt  and  systematic  repair  —  or  sprinkler  su-  ^ 
pervisory  service,  it  will  be  worth  while  very  briefly  to  outline  i  t 
the  fires  in  question. 

The  Cocheco  Mill  Fire.  —  This  building  was  five  stories  in 
height  and  of  extensive  area,  built  of  brick  walls  and  heavy  plank  b 
and  timber  floors  and  roof.  The  sprinkler  equipment  was  not 
up  to  present  standards  in  all  particulars,  but  it  was  considered 
satisfactory,  and  the  water  supphes  and  fire-fighting  facilities  were 
ample.  Ten  minutes  after  the  mill-hands  had  started  work,  a 
sprinkler  head  opened  on  the  fourth  floor  and  the  room  overseer 
ran  down  the  stairway  and  ordered  the  watchman  to  close  the 
valve  on  the  riser.  Returning  to  his  room,  he  began  to  care  for 
the  water  discharged  by  the  sprinkler,  when  he  noticed  smoke 
Coming  from  one  of  the  main  belt  boxes.  Seeing  fire  below,  he 
immediately  sent  a  man  to  order  the  watchman  to  re-open  the 
sprinkler  valve.  ''The  word  sent  to  the  watchman  to  re-open  the 
valve,  though  delayed,  finally  reached  him,  but,  disconcerted  by 
the  rush  of  the  help  from  the  mill,  he  became  confused  and  did  not 
open  the  valve.  The  agent  reached  the  mill  ten  or  twelve  minutes 
after  the  fire  started  and  had  the  valve  opened  at  once,  but  on 
opening  it  the  pressure  at  the  base  of  the  riser  fell  to  thirty  pounds, 
showing  that  so  many  sprinklers  had  opened  that  the  excellent 
pubUc  water  supply  could  not  maintain  a  serviceable  pressure."* 

It  would  immediately  occur  to  one  that  the  fire  must  have 
started  before  the  opening  of  the  sprinkler  head  on  the  fourth 
floor,  and  have  been  the  cause  of  such  opening,  but,  ''carefully 
weighing  all  the  evidence,  the  probabiUties  are  that  the  fourth 
floor  sprinkler  opened  by  chance  failiu-e  of  the  Unk,  the  water  wet 
the  belts,  one  of  them  slipped  and  ran  sidewise,  rubbing  against 
the  casing  and  starting  a  fire."* 

Of  course  the  primary  cause  of  the  whole  disaster  was  the  givinj- 
way  of  the  single  head,  but  it  is  remarkable  that  the  escape  0/ 
water  should  occur  in  just  such  a  manner  as  to  caiLse  fire^  and  it 
would  be  idle  to  condemn  sprinklers  ad'libitum  for  such  an  exeep-     j 

Report   of    the   Boston    Manufacturers'    Mutual    Fire    Insurance  Com*      t 
pany.  ^ 

\ 


SPRINKLEK  SYSTEMS  903 

tional  occurrence.  The  failure  of  individual  heads  is  infrequent, 
considering  the  great  number  used,  and  the  resulting  damage  is 
almost  always  trifling,  as  can  be  verified  by  the  reports  of  the 
Boston  Manufacturers'  Mutual  Fire  Insurance  Company. 

The  real  lessons  taught  by  this  fire  are  the  dangers  attendant 
upon  the  use  of  belt  openings  from  floor  to  floor,  and  especially 
the  use  of  unsprinklered  belt  boxes,  fly-wheel  housings,  and  similar 
enclosures;  and  the  danger  in  a  running  mill  when  sprinklers  are 
shut  off.  Had  all  machinery  been  stopped  until  the  sprinkler 
head  was  replaced,  or  had  a  thoroughly  reliable  man  been  stationed 
at  the  valve  until  it  was  re-opened,  the  result  would  doubtless  have 
been  far  different. 

Phelps  Publisbiing  Company  Fire.  —  The  Phelps  publish- 
ing plant  at  Springfield,  Mass.,  consisted  of  a  four-  and  five-story 
brick  structure,  generally  of  "mill  construction,"  and  divided  into 
three  sections  —  the  **old  building,"  the  ''new  building"  and  the 
"new  addition" — by  fire  doors,  which  were  mostly  open  at 
time  of  fire.  The  roof  was  a  slate-covered  mansard.  The  auto- 
matic sprinklers  were  supplied  by  high-service  city  water,  and  by 
pump  drawing  from  low-service  mains. 

The  fire,  which  started  at  3:15  a.m.,  was  discovered  in  the  base- 
ment by  the  colored  watchman,  who,  with  the  night  fireman, 
fought  the  blaze  with  chemical  extinguishers.  Belie\'ing  that  the 
fire  had  been  extinguished  by  the  means  employed  and  by  the 
sprinkler  heads  which  had  opened,  the  sprinkler  system  was  shut 
off  to  prevent  water  damage.  About  a  half-hour  later  fire  was 
again  discovered  by  the  watchman  in  making  his  rounds,  and  it 
seems  probable  that  this  second  blaze  was  caused  by  the  first  fire 
w^orking  inside  the  sheathed  walls.  Owing  to  the  automatic 
sprinklers  being  shut  off,  the  subsequent  failure  of  the  city  water 
supply,  and  the  bursting  of  the  hose  employed  by  the  city  fire  de- 
partment, the  plant  was  almost  totally  destroyed. 

Baldwin  Locomotive  Works  Fire.  —  This  fire  caused  a  loss 
estimated  at  $100,000  to  $150,000  because  of  incomplete  equip- 
ment and  water  shut  off.  The  fire  was  discovered  at  5:30  P.M. 
in  a  drafting  room  partitioned  off  at  one  end  of  the  third  story. 

In  putting  in  the  ceiling  of  this  room  the  sprinklers  had 
been  removed  and  not  replaced.  The  fire  was  first  discovered 
in  this  room,  but  it  had  gathered  such  headway  that  it  burst 
through  the  partition  and  spread  down  the  room,  and  also  through 
the  open  elevator  way  to  the  story  above.     Unfortunately  the 
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water  was  shut  off  from  the  sprinkler  equipment  in  the  whole 
group,  the  valve  controlling  the  same  being  closed.* 

Limitations  of  Sprinkler  Protection.  —  From  the  foregoing 
brief  descriptions  of  fires  and  from  the  data  accumulated  by  the 
National  Fire  Protection  Association,  it  will  be  seen  that  sprinklers 
cannot  be  considered  a  substitute  for  fire-resisting  construction, 
as  any  failure  of  the  sprinkler  equipment  itself,  failure  of  water 
supplies,  or  any  error  in  the  human  factors  of  continued  vigilance, 
inspection  or  judgment  means  ruin  for  the  structure. 

They  are  apphcable  only  in  part  to  places  not  heated  in 
freezing  weather;  they  should  receive  constant  insi>ection  by  all 
parties  interested;  they  will  never  reduce  the  incendiary  hazard 
caused  by  scamps  who  know  enough  to  shut  off  the  water;  they 
will  not  defend  against  the  conflagration  hazard;  neither  can  they 
be  relied  upon  to  control  any  fires  except  those  starting  in  rooms 
which  they  protect.  They  are  not  applicable  in  full  measure  to 
buildings  containing  large  open  spaces  of  great  height,  nor  to 
those  containing  deep  piles  of  combustible  material.  Like  all 
other  mechanical  devices  they  are  subject  to  depreciation,  which 
is  particularly  active  in  industries  generating  corrosive  vapors 
or  producing  viscous  products  which  adhere  to  the  sprinklers.! 

Nevertheless  sprinklers  have  been  called  ''the  greatest  economic 
invention  of  the  present  generation."  Heretofore  used  mily  in 
non-fire-resisting  buildings,  their  use  is  now  gradually  extending 
to  a  wide  range  of  fire-resisting  structures,  not  so  much  on  account 
of  the  protection  directly  afforded  the  buildings  as  in  recognition 
of  their  great  value  in  controlling  incipient  fires  in  the  stock  andi 
contents.  A  broad  view  of  fire  protection  should  consider  safe-f: 
guards  almost  as  important  as  fire-resisting  construction  per  sf, 
as  any  means  which  tend  to  extinguish  or  limit  fire  are  of  incalcu- 
lable value. 

Use  of  Sprinklers  in  Hotels.  —  A  very  timely  paper  on  "The 
Season  Hotel,"  namely,  the  summer  or  winter  hotel  occupied  for 
a  brief  season  only,  was  presented  by  Mr.  H.  L.  Hiscock  before  the 
eleventh  annual  meeting  of  the  National  Fire  Protection  Associa-^ 
tion.  After  describing  the  construction  of  several  thoroughly  fire*, 
resisting  hotels,  such  as  the  *'New  Blenheim"  and  "Chalfonte" 
at  Atlantic  City,  and  the  ''Antlers  Hotel"  at  Colorado  Springs^, 
etc.,  the  author  speaks  as  follows  concerning  the  construction  of 
non-fire-resisting  hotels : 

*  Insurance  JSHgineering,  March,  1907.  f  C.  J.  H.  Woodbuiy. 
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The  moBt  essfntial  feature  in  this  class  of  risks  la  the  i>ro- 
vlaion  against  the  spread  of  fires  and  the  apparalus  for  quick 
eerv^ice  in  extinguishing  them.  While  in  the  old  days  it  wa.s  hard 
to  convince  the  proprietor  of  the  necessity  of  (he  protection  appli- 
ances, he  now  seeks  the  sug:gestiona  of  ins^irance  people  on  ihia 
subject.  In  the  past,  the  presence  of  fire  appliances  was  con- 
sidered an  eyesore  and  thought  to  lack  beauty^  but  noWj  be  the 
public  is  more  and  more  concerned  with  the  fire  hazard,  es[)ecially 
in  hotels  where  they  intend  to  stop^  such  oil jei^t, ions  have  largely 
disappeared.  Plenty  of  hand  hose  and  a  good  water  supply, 
with  fire  extinguishers,  are  now  an  attractive  advertisement. 
Automatic  sprmklers  are  now  being  introducicd  in  the  more 
haisardous  parts  of  tlie  rink,  wliich  is  desirable  protection. 

As  a  good  examplcp  the  "Poland  Spring  Tlousei"  Maine, 
is  claimed  by  many  t^o  have  the  best  eauipment  for  prot(*c!tion 
agairLst  fire  of  any  in  the  country.  This  is  an  isolated  risk. 
The  sprinkler  system  covers  the  entire  upper  two  floors  of  the 
hotel,  also  blind  attic,  tops  of  lowers,  top  of  elevator,  toilet  rooms, 
porters*  room,  linen  elosets,  stage  of  music  room,  help  s  kitchen 
and  laundry,  and  entire  tower  at  westerly  corner  of  hotel  abo've 
first  floor.  This  is  a  dry  system  and  kept  in  commission  in  win- 
ter; about  sixteen  hundred  sfirinlders  in  all  &nd  controlled  by 
three  dry  valves  located  in  the  basement  of  kitchen  (floor  over- 
head firepro<if).  Supplies  for  this  system  consist  of  10,t)00  gallon 
tank  on  trestle  in  yard,  this  being  in  commission  the*  (^ntire  year; 
second  supply,  ItHJO-gallon  I'nderwriters'  steam  pump  in  boiler 
hoiisi^,  io  readiness  tluring  the  summer  only;  third  supply,  pumps 
at  lake,  giving  twenty  to  forty  pounds'  preswiue  at  hotel  level. 
There  are  also  three  standpipes,  w^th  hose,  on  each  floor,  so  ar- 
ranged that  all  parts  of  building  may  be  reached  by  streams. 
Standpipes  are  supplied  by  fire  pumps.  There  is  afstj  a  good 
supply  of  i>ails  and  chemical  extinguishers.  The  outsiile  pro- 
tection consists  of  eight  hydrants  near  hotel  on  six-  and  eight-inch 
loop,  supplied  by  Worthington  1,000  gallon  Tinder  writers'  steam 
pump,  located  in  boiler  house,  draughting  from  cistern  of  28,000 
gallons'  capacity,  w^hich  can  be  filled  by  pumps  at  lake*  There  is 
a  good  equipment  of  24-inch  rubber  lined  hose  and  play  pi  pea 
located  at  several  convenient  points.  There  is  also  a  night  watch- 
nian,  with  clock,  during  the  season  and  in  the  winter,  covering 
only  the  outside  of  building. 


Use  of  SprlnlclerN  In  Car  Barns.  —  Another  very  interesting 
and  important  development  of  sprinkler  protection  concerns  the 
ecjuipment  of  car  bams,  used  for  the  storage  of  electric  street 
railway  cars,  thjin  which  few,  if  any,  risks  prove  so  generally  de- 
structible, and  which,  at  the  same  time,  so  seriously  inconvenience 
the  general  public.  Previous  to  the  introduction  of  aisle  sprinklers, 
the  orchtiary  ceihng-sprinkler  installation  had  proved  totally  in- 
efficient in  this  character  of  risk  for  the  reason  that  the  units  of 
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cars  to  be  guarded  required  interior  protection,  and  manifestly 
this  could  not  be  supplied  by  ceiMng  sprinklers  over  the  roofs  of 
the  cars.  Realizing  that  no  conclusive  data  existed  on  the  sub- 
ject, notwithstanding  several  tests  undertaken  in  1904,  the  Com- 
mittee on  Installation  of  Automatic  Sprinklers  of  the  National  Fire 
Protection  Association,  in  conjunction  with  the  Car  Bam  Com- 
mittee, instituted  a  series  of  fire-burning  tests  in  a  modem  car 
bam  at  Cleveland,  April  24, 1905,  the  building  being  fully  equipped 
with  ceiUng  and  aisle  sprinklers,  and  the  tests  being  made  under 
conditions  as  extreme  as  possible.  As  a  result  of  these  tests  it  has 
been  shown  conclusively  that  a  fire  can  be  confined  to  a  single 
car,  and  that,  if  the  sprinklers  are  properly  installed,  the  loss  on  a 
car  body  should  not  exceed  $500. 

The  experiments  indicate  that  satisfactory  results  can  be 
obtained  by  placing  sprinkler  lines  on  either  side  of  cars,  with 
sprinkler  deflectors  opposite  transom  fights,  heads  to  be  not  over 
8  feet  apart  on  line,  and  sprinkler  lines  to  be  not  over  16  inches 
from  car,  preferably  not  over  6  inches.* 

Table  of  Allowances  for  Sprinkler  Protection.  —  The  fol- 
lowing table  of  allowances  for  sprinkler  protection  is  employed 
by  the  Boston  Board  of  Fire  Underwriters: 

AUTOMATIC  SPRINKLER  SYSTEM    (TWO  SUPPLIES). 


With  automatic  fire  alarm,  watch,  watch  super-  ) 

vision  and  sprinkler  notification ) 

With  watch,   automatic   firo   alarm,   sprinkler  / 

notification  and  auxiliary'  alarm .  ) 

With  watch,   watch  supervision  and  sprinkler  } 

notification S 

With  automatic  fire  alarm  and  sprinkler  notifi-  ) 

cation S 

W  ith  watch,  sprinkler  notification  and  auxiliary  1 

alarm ) 

With  watch  and  watch  sui)crvision 

With  watch  and  auxiliary  alarm 

With  watch  and  automatic  fire  alarm 

With  watch  and  sprinkler  notification 

With  automatic  fire  alarm 

With  watch 


*  For  full  report  of  eoinmilloe,  aXao  v^votographs  of  fires, 
Annua]  Proceedings  of  Nat\ona\¥\TePio\,ecWo^  kaaoc^vXiwa.. 


Allow- 

Allow- 

ance, 

ance, 

wet -pipe 

dry-pipe 

system. 

system. 

Per  cent. 

Per  cent. 

50 

40 

47i 

37^ 

471 

37^ 

45 

35 

45 

35 

42i 

321 

421 

m 

42i 

32^ 

42^ 

32J 

40 

30 

40 

30 

etc.,  see 
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An  approved  electric  notification  sjrstem  in  connection  with  an 
approved  automatic  sprinkler  system  (two  supplies)  consists  of 
(a)  the  electric  notification  to  a  Central  Station  of  the  opening  or 
closing  of  any  gate-valve;  (b)  the  similar  notification  of  the  flow 
of  water  in  the  main  riser  when  equivalent  to  a  flow  of  a  single 
sprinkler  head;  (c)  the  similar  notification  of  a  change  in  the 
height  of  water  in  a  gravity  tank  or  the  pressure  of  water  in  a 
pressure  tank;  (d)  the  similar  notification  of  a  change  of  tempera- 
ture, between  certain  fixed  limits,  of  water  in  gravity  or  pressure 
tank.* 

Automatic  Sprinklers  (One  Supply). 

Where  only  one  source  of  water  is  permanently  connected  and 
where  such  connection  from  the  street  main  is  satisfactory  to  the 
Inspection  Department  and  gives  a  static  pressure  of  not  less  than 
.twenty-five  pounds  on  the  highest  head  in  the  building  and  where 
a  steamer  connection  is  installed,  the  allowances  for  the  above 
combinations  will  be  uniformly  less  by  10  per  cent,  of  the  premium. 

An  approved  electric  notification  system  in  connection  with  an 
approved  automatic  sprinkler  system  (one  supply)  consists  of  (a) 
the  electric  notification  to  a  Central  Station  of  the  opening  or  clos- 
ing of  any  gate-valve;  (6)  the  similar  notification  of  flow  of  water 
in  the  riser  when  equivalent  to  flow  of  a  single  sprinkler  head. 

*  See  "Automatic  Sprinkler  Alarms  and  Supervisory  Systems,"  page  919. 


CHAPTER  XXXI. 

AUTOMATIC  FIRE  ALARMS,  AND  SPRINKLER  ALARM    , 
AND   SVPERVISORT   SYSTEMS. 

Discovery  of  Fire.  —  The  usual  means  by  which  fires  are  dis- 
covered are 

1.  Occupant  of  premises, 

2.  Outsider,  or  chance  passer-by, 

3.  Watchman, 

4.  Automatic  fire  alarm,  and 

5.  Sprinkler  alarm,  or  supervisory  system. 

Statistics  naturally  show  that  more  fires  are  discovered  by 
occupants  or  employees  than  by  any  other  means,  but  this  source 
of  discovery,  as  also  that  by  outsiders  who  may  chance  to  be  j 
passing,  cannot  be  relied  upon  when  the  premises  are  deserted,  ' 
when  the  occupants  are  asleep,  or  during  late  night  hours  when 
passers-by  are  infrequent.  For  the  prompt  discovery  of  fire, 
therefore,  recourse  must  be  had  to  some  special  form  of  alarm 
service. 

Ordinary  watchman  service  is  very  unsatisfactory  unless  con- 
ducted under  the  strictest  supervision,  and  even  then  watchmen 
are  often  very  unreliable  and  apt  to  do  precisely  the  wrong  thing 
in  case  of  emergency,  as  is  pointed  out  in  more  detail  in  Chapter 
XXXIII. 

The  desire  to  provide  some  means  of  discovering  fire,  which 
should  be  automatic  and  hence  superior  to  the  human  element 
involved  in  watchman  service,  led  to  the  introduction  of  automatic 
sprinklers,  which,  acting  as  both  fire  alarms  and  fire  extinguishers,    i 
constitute  the  most  efficient  means  of  fire  protection  so  far  de-    * 
vised.     Automatic  fire  alarm  systems,  used  to  detect  the  presence     j 
of  fire  or  dangerously  high  temperatures,  rank  second  in  the  scale 
of  automatic  fire  protection  measures,  for,  manifestly,  next  to  the 
actual  extinguishment  of  fire,  the  most  important  consideration     j 
is  knowledge  of  the  fact  that  fire  or  danger  exists.  I 

The  ''Sprinkler  Fire  Tables*'  of  the  National  Fire  Protection     j 
Association  J  which  are  levised  annually  to  give  statistics  concem- 
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ing  all  fires  reported  in  sprinkler  risks,  contain  the  following  table 
relative  to  the 


EFFICIENCY  OF  ALARM 

SERVICE,  1897-1911,  INCLUSIVE. 

Satisfactory. 

Failure. 

No.  of 
fires. 

Per 
cent. 

No.  of 
fires. 

Per 
cent. 

Total. 

Watchman  alone 

851 
710 
142 

90 
93 
79 

90 
57 
37 

10 

7 
21 

941 

Sprinkler  alarm  alone 

Thermostats  alone 

767 
179 

Watchman    and    sprinkler 
alarm. 

Wafcchmfm  and  thermostats 

Sprinkler  alarm  and  ther- 
mostats..  

WatchmanT  sprinkler  alarm 
and  thermostats ......... 

Sprinkler  alarm  and  super- 
visory system. ........... 

Thermostats,    sprinkler 
alarm     and     euperviaory 
system.  .>...., 

Watchman,  sprinkler  alarm 
and  supervisory  system- . . 


Wtttch- 


549 
7 


28 


310^ 
3^ 


7^ 


as** 


Sprink- 
ler 


271 
57 

14 

2 
16 


125 


Ther- 
mostiit. 


9 

22  216 
I 

7,  46 


Ruper- 
viaory. 


3 

865 
10 

293 

64 

14 

2 
16 


*  These  include  fires  where  sprinkler  alarm  or  thermostats  notified  the  watch- 
man. 

Note.  —  These  tables  do  not  include  fires  where  alarm  service  does  or  does  not 
operate  promptly  if  fire  is  at  once  discovered  by  employee,  the  alarm  service 
having  no  bearing  on  such  fires  one  way  or  the  other. 

It  will  be  noted  that,  in  the  above  comparison  of  single  forma 
of  alarm  service,  —  as  watchman,  sprinkler  alarm,  or  thsraiss&\aX&^ 
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when  used  without  combination  with  other  forms,  —  the  per  cent,  of 
failures  for  the  fifteen  years  covered  by  the  above  table  is  greatest 
for  automatic  alarms,  i.e.,  thermostats,  while  for  the  year  191 1  alone 
(see  table  on  page  878)  the  latter  form  of  alarm  showed  100  per 
cent.  eflBciency.  This  is  principally  explained  by  the  fact  that  prior 
to  about  1905  very  few  automatic  alarm  systems  were  connected 
with  central  stations,  save  in  five  or  six  cities.  Most  installations 
were  without  either  connection  to  or  supervision  by  an  operating 
company,  hence  both  maintenance  and  service  were  often  deficient. 
Only  systems  operating  through  a  central  station  are  now  approved. 

Automatic  Fire  Alarm  Systems  depend  upon  thermostats, 
or  heat-detectors  —  usually  placed  upon  ceiHngs  —  for  the  indi- 
cation of  fire  or  dangerously  high  temperatures.  .The  thermostat 
causes  an  electric  circuit  to  be  either  completed  or  broken,  as  will 
be  explained  later,  thus  causing  an  alarm  to  be  sounded. 

Installations  of  automatic  fire  alarm  systems  are  now  largely 
confined  to  city  buildings,  where  the  system  is  connected  with  a 
central  station,  —  operated  by  an  alarm  company,  —  which,  in 
turn,  transmits  the  alarm  to  the  fire  department. 

The  rules  and  requirements  of  the  National  Board  of  Fire  Under- 
writers require  such  central  stations  to  have  two  independent      j 
means  of  transmitting  alarms  to  the  fire  department,  and  to  have,      ' 
at  all  timcvs,  at  least  two  competent  persons  in  charge.     The  system     j 
must  be  arranged  to  receive,  record  and  transmit  to  the  public 
fir(i  department  and  insurance  patrol  the  box  number  of  the  build- 
ing in  which  a  thermostat  has  operated;    and,  unless  the  floor     ' 
number  is  also  transmitted  with  the  alarm  to  the  fire  department,      * 
a  local  annunciator,  placed  on  or  in  the  building^  as  may  be  re- 
quired by  the  inspection  department  having  jurisdiction,  must 
automatically  register  the  floor  number  of  the  disturbance.     Such 
annunciator  box(^s  are  seldom  used,   however,  —  except  where 
desired  for  the  convenience  of  the  occupants,  as  in  large  depart- 
ment stores,  etc.,  —  for  the  reason  that  the  alarm  companies 
usually  transmit  to  the  fire  department  both  the  number  of  the 
building  and  also  a  deijignation  of  the  floor  or  fire  section  where 
the  disturbance  is  located.    The  great  time-saving  value  of  this     , 
knowledge  to  the  fire  department  is  apparent. 

All  systems  must  be  so  arranged  as  to  give,  automatically,  dis- 
tinctive trouble  signals  when  any  part  of  the  wiring  of  the  system 
is  grounded  or  broken,  or  when  the  proper  transmission  of  a  fire 
BJgnal  ia  in  any  way  iinpsdied. 
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Not  more  than  fifteen  building  equipments  may  be  connected 
on  any  single  circuit,  unless  the  circuit  h  nminly  under  groun^l. 

Tlie  iaHtallation  of  thermostats,  in  outlying  or  country  risks, 
has  not  gcnersiUy  proA^ed  satisfactory,  owing  principally  to  poor 
inspection  and  maintenance,  rather  than  to  defects  in  mechanism. 

Installation  of  Thermostats  and  Manual  Eojcps.  —  The 
National  Board  rules  require  that  thermostats  must  be  placed  as 
follows: 

Throughout  premises,  including  insides  of  all  closets,  in 
basements,  lofts,  elevator  wells  and  under  stairs-  Special  in- 
etrucl  ions  must  be  obtained  relative  to  placing  them  under  large 
shelves,  decks,  benehes,  tables,  overlieatl  sturage  racks  and  plat- 
forms and  inside  small  enclosures,  such  as  drying  and  heating 
boxes,  caul  boxes,  i<*nier-  and  dry -room  enclosures,  chutes  and 
cupboards*-  No  portion  of  the  premises  shall  be  excepted  without 
written  consent. 

The  spacing  of  thermostats  upon  ceilings,  etc^  is  generally  the 
same  as  given  for  sprinklers  on  page  S70,  but  installations  should 
always  be  referred  to  the  iuijpeetion  department  of  the  Under- 
writera  having  jurisdiction. 

The  onlinary  method  of  installing  thermostats  is  to  place  them 
on  the  ceilings,  with  the  wiring  nm  in  ])Iain  sight.  If  desired, 
however,  all  of  the  wiring  may  be  concealed  within  insulateil  piping 
or  electrical  conduits,  which  are  then  covered  and  hidden  by  the 
pkustc?ring.  Nothing  need  V/C  visilile  sa\'e  the  thermostats  them- 
twelves,  and  these  may  easily  be  made  to  conform  to  ttfe  general 
tone  of  the  ceihng  or  wall  finish. 

Mamml  Alarm  Boxes,  connecteti  with  the  thermostat  system, 
are  i*equired  to  be  locatefl  at  all  main  exits  and  at  eacli  floor  exit. 
These  are  installed  in  order  that  the  m^cupants  of  the  building 
need  not  wait  for  any  possible  fire  to  reach  a  temperature  sufficient 
to  operate  a  thermostat,  but,  upon  discovery,  an  alarm  may  at 
once  be  sounded  to  the  central  station.  Such  manuals  are  abo 
Taluable  in  caHc  fire  is  scim  in  nearl>y  property. 

For  further  information  regarding  manual  boxes,  see  page  955. 

Types  of  An  to  ma  tie  Fire  Alarm  Systems.  —  Automatic 
iire  Alarm  systems  are  of  two  general  types,  depenthng  upon  the 
form  of  electric  circuit  employed. 

Closed  CircuiL  —  In  this  type  elect  ri city  is  utilized  to  prevmt 
the  operation  of  the  recording  device  by  flowing  continuously 
through  tlie  system.  The  action  of  the  thcrmastat  under  sufficient 
heat  causijja  the  circuit  to  be  broken,  thereby  interruptini&lh^<i«fsip- 
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trol  of  the  electric  current  over  the  signalling  mechanism  and  I 
indicating  apparatus,  and  thus  allowing  the  alarm  to  be  given.        i; 

Open  Circuit.  —  In  this  type  the  action  of  the  thermostat  closes  :, 
or  completes  the  circuit,  thus  causing  the  electric  energy  to  operate  !- 
the  alarm. 

Thermostats.  —  As  before  stated,  thermostats  are  located  on    ' 
ceilings,  etc.,  under  practically  the  same  rules  of  spacing  as  apply 
to  automatic  sprinkler  heads.     The  operating  temperatures  are    J 
determined  for  each  premises  by  the  fire  alarm  company  in  con-    : 
junction  with    the   Underwriters   having   jurisdiction,    but,   in 
general,  it  may  be  stated  that  they  are  usually  set  to  operate  at 
temperatures  from  30  to  50  degrees  above  the  normal  maximum    ? 
temperature  to  be  expected.     Thus,  for  ordinary  locations  where    i 
the  temperature  never  exceeds  125  degrees  F.,  thermostats  are    ji 
used  with  operating  temperatures  of  130  degrees  to  160  degrees,     j 
Thermostats  up  to  250  degree  action  are  sometimes  used  in  boiler-    .| 
and  dry-rooms. 

Thermostats  are  of  two  general  types:  those  operating  by  solder 
release,  and  those  operating  by  expansion.  y 

Solder  Release  Thermostats  depend  upon  the  use  of  fusible  solder,    , 
precisely  a»s  used  in  automatic  sprinkler  heads.     Thermostats  of 
this  tyi)e  are  usually  set  at  IGO  degrees  F.,  as  the  ordinary  solder 
employed  releasees  at  that  temperature. 

Expansion  Thermostats  depend  for  their  operation  upon  the  ex-  \ 
pansion  of  either  metals  or  liquids  under  heat.  Among  the  liquids  , 
used  are  ether  and  mercury,  which,  expanding  within  glass  or 
metal  tubes,  cause  the  circuit  to  be  completed.  In  those  thermo-  ■ 
stats  depending  upon  the  expansion  of  metal  springs,  the  well- 
known  unequal  expansion  of  two  dissimilar  metals  is  utilized  in  I 
order  to  magnify  the  amount  of  motion. 

Requisites.  —  The  points  to  be  considered  in  examining  a 
thermostat  are: 

Sensitiveness,  that  is,  the  quickness  with  which  the  required   • 
degree  of  heat  will  operate  the  device. 

Durability,  or  the  degree   to  which   the  device  will  resist 
injury  from  repeated  variations  in  temperature,  which  will  always     ' 
occur,  even  when  not  subjected  to  a  sufficient  heat  to  actudly 
operate  the  device;   also  ability  to  resist  the  corrosive  effects  of 
the  atmosphere  and  such  other  vapors  to  which  it  may  be  ex- 


Accuracy,  of  the  nearness  of  the  temperature  at  which  the 
device  will  successfully  operate,  to  the  temperature  at  which  it  is 
supposed  to  operate. 
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The  thermostat  must  also  be  so  constmctetl  as  to  prevent 
the  corroflioii  of  the  contact  point^j  or  failure  to  jnakc*  a  contact 
due  to  the  accumulation  bf  dust  and  other  foreign  substanees; 
and,  at  the  same  timCj  be  sufficiently  cxpostxl  to  feel  quickly  any 
abnormal  rise  in  temperature.  It  must  also  be  well  innulated  so 
as  to  do  away  with  the  liability  of  leakage  (and  consequent  run- 
ning down  of  batteries)  across  an>;  of  the  exposed  portions  which 
are  used  as  a  part  of  the  electric  circuit.* 

The  necessity  for  sensitiveness  and  positive  action  on  the  part 
of  thermostats  is  ako  empha^sized  by  the  fact  that  they  are  fre- 
quently installed  in  risks  which  are  also  equip|>ed  with  sprinklers, 
or  risks  wliieh  may  at  any  time  become  so  equipped.  It  is  there- 
fore desirable  that  there  be  as  great  a  margin  of  sensitiveness  be- 
tween the  thermostat  and  sprinkler  as  possible,  for  two  reasons: 
firsts  if  the  thermostat  operates  quickly,  the  alarm^  may  be  given 
and  the  fire  extinguished  hy  hand  before  water  damage  ensues 
from  the  opening  of  sprinkler  heads;  second^  if  the  sprinklers 
Ejhoulf!  operate  first,  the  water  discharge  tht^refrom  is  very  hkely 
BO  to  lower  the  temjierature  as  to  prevent  the  ojieration  of  the 
thermostat.  *^With  ihc  thermostat,  therefore,  the  aim  is  extreme 
sensitiveness  or  quickness  of  action,  and  the  only  limit  in  this  case 
is  that  it  l)c  not  s(^t.  so  low  as  to  operate  under  ordinary  condition.^i 
and  give  false  alarms." 

There  is  no  t}i)e  of  thermostat  to-day  on  the  market  which  fulfills 
atl  of  the  requirements  of  the  Underwriters'  Laboratories,  Ine,, 
but  there  are  four  makes  which  arc  generally  approved  for  use: 
mz.,  the  *'Watkins"  expansion  spring,  the  *'Unit(Hi  States"  mklQT 
release,  the  ''Wixidinan"  solder  release,  and  the  ** National*'  ex- 
pansion. The  "Watkins''  and  the  *' United  States*'  thermoetata 
have  ha<l  a  witle  and  successful  field  use  for  many  years. 

DetaUs  of  Thermostats.  —  A  '^  Watkins"  thermostat  is  illus- 
trated in  Fig.  375  to  two-thirds  actual  siac.  The  perforated  sheet- 
metal  case  is  for  protection  only,  having  no  connection  with  the 
operation  of  the  device.  The  bottom  and  side  perforations  of 
the  c;ase^  and  an  opening  all  around  the  top  between  the  ctise  and 
the  ceihng  plate,  are  provided  to  permit  a  free  circulation  of  air 
over  the  interior  spring,  in  order  to  avoid  the  possibiUty  of  having 
a  cushion  of  cold  air  within  the  thermostat.  This  is  to  render 
the  device  as  sensitive  as  possible. 

♦  See  "Thermo-cleetdc  Fire  AlannH,"  by  C.  M.  Qoddard  in  *'Pi^|t  Annittl 
Traasactiona  of  NaUoii;il  Fire  Prabetitioa  AflDOoiation/'  *    - 
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A  plan  of  the  mechanism,  drawn  to  two-thirds  size,  is  shown  in    ' 
Fig.  376.    The  binding  posts,  for  the  connection  of  the  electric 


Fig.  375.  —  "Watkins"  Expansion  Spring  Thermostat. 

wiring,  are  shown  at  aa,  to  one  of  which  is  connected  the  perforated 
metal  spring  s,  which  is  supported  on  an  upright,  or  post,  6.  The 
free  end  of  the  spring  terminates  in  a  flattened  end,  or  shoe,^c.  To 
the  other  binding  post  is  connected  another  upright,  or  support, 
dj  penetrated  by  a  platinum  point  p,  the  adjustment  of  which 


Fig.  376.  —  Mechanism  of  "Watkins"  Thermostat. 

will  render  the  thermostat  operative  at  almost  any  degree  of  sen- 
sitiveness. The  expansion  of  the  spring,  under  the  predetermined 
degree  of  heat,  causes  the  spring  to  move  until  the  end  c  comes  in 
contact  with  the  point  p,  thus  completing  the  electrical  circuit. 
The  adjustment  may  be  made  so  sensitive  that  an  increase  of  a 
few  degrees  of  temperature  is  sufficient  to  make  the  contact,  while 
the  heat  of  the  breath  will  readily  operate  a  thermostat  of  this 
type  if  set  within  delicate  range. 
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The  electrical  contact  thus  made  in  the  thermostat  operates  an 
electro-magnet  within  a  signal  box  located  on  the  premises.  This 
transmits  the  alarm  to  the  central  station,  where,  in  turn,  it  is 
transmitted  to  the  city  fire  department.  The  particular  box 
number  which  is  transmitted  indicates  the  building  and  the  floor 
therein,  where  the  fire  or  dangerously  high  temperature  exists. 
This  method  of  automatically  registering  both  the  building  and 
the  floor  forms  a  most  valuable  feature. 

The  "United  States"  thermostat  is  illustrated  two-thirds  size 
in  Fig.  377.    This  is  a  closed  circuit,  solder-release  thermostat. 


Fig.    377.  —  "United    States"    Solder-release    Thermostat. 

They  are  always  run  in  pairs,  and  are  so  arranged  that  the  opera- 
tion of  one  thermostat  will  cause  a  ''trouble"  signal,  while  the 
operation  of  two  thermostats  —  viz.,  the  breaking  of  two  cir- 
cuits —  will  cause  the  transmitter  within  the  signal  box  to  give 
a  distinctive  fire  alarm. 

The  thermostat  consists  of  a  brass  ring,  to  which  are  soldered, 
by  means  of  fusible  solder,  two  short  lengths  of  metal  tubing  into 
which  the  stripped  ends  of  the  insulated  wires  are  connected.  The 
melting  of  the  fusible  solder  breaks  the  circuit,  with  result  as 
before  explained. 

The  "Aero"  Automatic  Fire  Alarm*  is  an  P^nglish  system, 
wherein,  as  the  name  imphes,  the  expansion  of  air  is  utilized  for 
the  purpose  of  transmitting  fire  alarms. 

The  apparatus  consists  of  continuous  copper  tubes,  ifiy-in.  ex- 
ternal diameter,  which  are  distributed  internally  around  the  prem- 
ises to  be  protected  —  usually  on  or  near  the  ceiling,  similarly 
to  bell  wires.  Each  floor  or  separate  portion  of  premises  has  its 
own  tube,  the  two  ends  of  which  are  connected  to  a  pressure  re- 
corder, which  is  practically  a  double  aneroid  barometer  diaphragm. 
Under  the  action  of  heat  or  fire,  the  expansion  of  the  copper  tubing 

*  For  illustrated  description  of  apparatus  and  tests,  see  also  "Red  Book" 
No.  153  of  the  British  Fire  Prevention  Committee. 
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is  negligible,  but  the  air  expands  approximately  liu  part  of  its 
volume  for  each  degree  of  rise,  Centigrade.  As  pressure  varies 
directly  as  volume,  the  pressure  in  the  tube  varies  directly  as  the 
temperature.  A  slow  rise  of  temperature  causes  pressure  in  the 
tube  which  escapes  at  a  relief  valve;  but  a  sudden  rise  of  tem- 
perature causes  more  pressure  in  the  tube  than  can  escape  at  the 
valve,  hence  it  acts  upon  the  aneroid  chamber,  expanding  it  until 
it  comes  against  an  insulated  contact  screw  which  is  set  a  certain 
distance  in  front  of  it.  This  closes  an  electrical  circuit,  which 
drops  an  indicator,  rings  a  fire  gong,  and  actuates  a  transmitter 
which  turns  in  the  alarm  to  the  fire  department. 

Every  ten  feet  of  the  tubing  may  be  looked  upon  as  a  thermo- 
stat, which  will  turn  in  the  alarm  individually,  but,  in  addition, 
for  smouldering  fires,  the  pressure  developed  in  each  ten-foot 
length  is  added  to  the  adjacent  pressures,  and  the  effect  on  the 
whole  is  cumulative.  In  other  words,  partial  effects  are  added 
together  and  aggregate  a  fire  effect. 

The  transmission  employed  in  this  system  is,  of  course,  a  trans- 
mission of  pressure,  and  not  of  air.  Waves  of  compression  and 
rarefaction  travel  along  the  tube  at  about  1100  feet  per  second, 
but  the  air  part  iclcs  do  not  move  an  eighth  of  an  inch.  The  action 
of  air  in  a  speaking  tube  is  exactly  similar. 

While  the  Underwriters'  Laboratories,  Inc.,  have  given  their 
approval  to  this  device,  nevertheless  the  field  experience  of  the 
system  has  been  of  so  short  a  duration  that  its  value  as  an  eflBcient 
fire  alarm  has  not  been  fully  demonstrated. 

Vapor  Thermostats.  —  "  Red  Book  "  No.  94  of  the  British 
Fire  Prevention  Committee  gives  a  very  interesting  detailed  report 
and  tests  of  the  ''Autoi)yrophone,"  which  is  an  automatic  fire- 
detector  in  which  pressure  of  vapor  from  a  volatile  spirit,  resulting 
from  expansion  under  increase  in  temperature,  is  apphed  to  a 
column  of  mercury  in  a  glass  tube,  causing  the  displacement  of 
the  mercury,  with  the  consequent  opening  of  a  closed  electric 
circuit,  this  being  arranged  so  as  to  close  a  secondary  oj)en  circuit 
by  which  signals  are  given  for  transmission  to  any  desired  place. 
The  various  calls  given  by  the  apparatus  include  a  danger  call,  a 
trouble  call,  and  a  fire  call,  the  latter  being  transmitted  automati- 
cally or  manually  to  the  fire  department. 

Journal-bearing  Thermostats.  —  Automatic  alarms  or 
thermostats  are  used  to  some  extent  in  connection  with  journal 
bearings,  especially  in  grain  elevators,  wherein  the  accumulatioDfl 
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lin  (lust  and  the  small  pockets  at  corners  of  bins  have  largely 
inted  the  successful  use  of  automatic  Bpriiiklera. 
tder-release  iournal-bearing  thc^rmostats  may  be  installed  at 
urrial  bearings,  set,  to  give  alarm  at  practically  160  degrees  F* 

a  thermostat,  is  shown  in 
J78.  ^'l  is  a  brass  shell ,  the 
of  which  is  screwed  into  the 
Lai  box.     BB  are  two  nickel 

binding  posts,  connected 
ires  to  the  alarm  bells  which 
ocated  at  suitable  places, 
a  circiiit  closer  or  plunger, 
ig  on  a  cone-shaped  spring 
hich  rests  against  shoulders 
rhen  depressed.  The  lower 
of  circuit  clost*r  F  is  held 
I  or  in  position  by  fusible 
t  G^  wliichj  melting  at  a 
crature  of  IIjO  degrees,  re- 
i  the  plunger,  which  in  then 
Bd  upward  by  the  spring 
in  contact  with  the  binding 

BB,  thus  completing  the 
it  au<l  sounding  the  alarm, 
ng  switches  and  annunci- 

may  also  be  install^l  by  which  trouble  on  any  particular 
ine  or  bearing  may  be  instanlly  located- 
r  rules  governing  installation,  etc.,  sec  National  Board  of  Fire 
rwriters'  pamphlet  ''Signaling  Systems." 
itomatlc  Fire  Alarms  In  Baltimore  ConHagratlDn. — 
great  importance  of  knowledge  reganling  the  breaking  out 
3  or  the  presence  of  dangerously  high  temperatures  in  preni- 
and  the  necessajty  foi'  acting  at.  once  uixin  Buch  knowledge, 
most  forcibly  illustralcd  in  the  circumstances  surrounding 
iart  of  the  Bahimore  <*onflagrat}on. 

^ill  be  remembered  that  that  fire  started  in  the  Hurst  store 
ing,  a  six-story  non-fire-resisting  stru(^ture  which  was  er|uippcd 
an  automatic  fire  alarm  system.  The  first  intimation  of 
ag  trouble  was  the  receipt,  over  the  automatic  fire  alarm 
n,  at  the  ccntxal  station,  nf  a  ** trouble"  or  danger  signal, 
aa  tho  establishment   (/.e*,  the  store  building)  was  closed, 


Fia.  37S.  —  Journal    Bearing 
Thermoatat. 
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without  watchman  or  other  person  on  the  premises,  the  first  signal, 
which  was  really  the  commencement  of  a  fire  call,  was  disregarded," 
possibly  because  of  the  trouble  involved  in  an  investigation,  or 
possibly  because  of  the  difficulty  of  access,  without  damage,  to 
a  building  closed  after  business  hours.  But,  whatever  the  reason 
for  this  neglect,  a  definite  fire  alarm  was  received  over  the  auto- 
matic system  twenty-five  minutes  later,  in  answer  to  which  the 
fire  department  was  summoned.  The  neglected  interval,  how- 
ever, allowed  the  accumulation  in  the  upper  portions  of  the  build- 
ing of  smoke  and  gases,  the  ignition  of  which  resulted  in  the 
explosion  which  went  so  far  to  wreck  the  structure  and  to  commu- 
nicate the  fire  to  neighboring  property.  Had  the  human  agency 
of  control  been  as  reliable  as  the  automatic  agency  of  discovery, 
the  result  might  have  been  far  different. 

Fortunately,  such  failures  to  follow  up  any  indications  of  trouble 
coming  in  over  automatic  fire  alarm  services  are  very  rare,  while 
the  contingency  of  having  to  investigate  premises  closed  after 
fixed  business  hours  has  been  provided  for  in  the  adoption  (1907) 
by  the  National  Fire  Protection  Association  of  the  following  rule: 

Arrangements  must,  if  possible,  be  made  by  the  operating 
company,  by  which  thoy  shall  have  access  to  premises  under 
supervision  at  all  hours  of  the  day  and  night.  Where  such 
arrangements  cannot  he  made  and  it  might  become  necessary 
to  force  an  entrance  to  the  building  a  proper  guard  shall  be 
placed  over  the  building  so  long  as  required. 


Allowances  for  Automatic  Fire  Alarm.  —  Allowances  made 
by  the  Boston  Board  of  Fire  Underwriters  and  by  the  New  York 
Fire  Insurance  Exchange  for  approved  automatic  fire  alarm  sys- 
tems arc  as  follows: 


Boston 
Board. 

N.Y.  Fire 
Insurance 
Exchange. 

Automatic  fire  alarm 

Per  cent. 
10 

121- 
15 

Percent. 
10 

Automatic    fire    alarm,    watchman    and 
watch  clock 

125 

Automatic     fire     ahirm,     and     auxiliary 
alarm,  no  watchman 

Automatic  fire  alarm,  watchman  and  watch 
clock  with  central  station  supervision...  . 

Automatic    fire    alarm,    watchman    and 
watch  clock,  and  auxiliary  alarm 

AUTOMATIC   FIRE    ALARMSj  ETC. 
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AtTTOMATIC  SpHINKLER   AlaRMS   AND   SUPERVISORY  SYSTEMS. 

Usual  Causes  of  Sprinkler  Failures.  —  In  the  previous  chap- 
ter,  atttjntioQ  wils  callfd  to  tl>e  furl,  that  many  sjirinklercd  risks 
are  damagtM:!  or  tl(*stroyed  through  remedial  (■a.ti.ses,  sueh  as  water 
supphes  shut  off,  low  water  levelr?!,  freezing^  inadequate  tank-  or 
steara-piessure,  etc.;  while  in  Chapter  XXXVl^  tiie  inspf^-tion 
and  maintenance  of  isprinkler  installations  are  considered  at  length, 
principally  from  the  standjMint  of  eradicating  such  cuiLses  of 
failure.  Contingenciea  as  enumerated  above,  howdverj  may  be 
automaiicaUfj  guarded  against  by  the  installation  of  sprinkler 
alarm  and  supervisory  service,  which^  while  not  obviating  defeeta 
of  building  construction,  or  inHufhcient  <^r  inoperative  heads, 
etc.,  stiD  constitutc^s  the  greatest  improvement  made  in  auto- 
matic sprinkler  equipment  since  the  introduction  of  modern 
methods. 

CeDtral  .Station  !*^prinkler  Supervisory  Service  consists  of 
equipping  the  .sprinkler  .system  with  elcetrical  devices  w^hich  auto- 
matically signal  the  central  station  of  tlie  operating  company 
whenever  abnormal  conditions  arise  in  the  system  which  would 
interfere  with  its  pro]->er  working.  In  approved  systems  of  thia 
nature,  this  is  aecomphshed  by  means  of  two  separate  eireuits,  — 
one  for  water  flow,  which  constituteH  a  fire  al:irm,  —  and  the  other 
for  supervisor^'  s^irvicc,  i.e.^  the  detect  ion  of  interference  or  abnor- 
mal conditiouB  in  the  features  su]>ervised.  It  is  essential  for  tlie 
best  maintenance  of  the  seivice  that  a  fhstinct  separation  be  maile 
in  these  two  functions  of  the  system/ 

Operation*  —  Each  feature  of  the  service  is  provided  with  a 
Bl>ecial  type  of  signaling  device^  relay  and  transmission  box,  and 
each  is  fitted  with  tamper  alarms.  The  devices  op(*rate  primarily 
on  local  battery  circuits,  winch  extend  from  the  device  to  the 
transmission  boxes^  and  secondarily  on  outside  circuit,  there  being 
norrniilly  no  contact  betwwui  the  two  circuitB. 

When  the  local  circuit  is  opened  by  action  of  the  de\ace  from 
tamperinp^  or  any  other  cause,  a  notcheil  or  charactc^r  wheel  ia  set 
in  operation,  w^hich,  on  the  supei-T^^isory  circuit,  makes  two  revolu- 
tions designating  ''trouble/'  and  one  n^volution  when  same  ia 
returned  to  norm^U  position.  On  firo  alarm  circuita  a  similar 
operation  takes  place,  except  that  the  chaxacter  wheel  revolves 
five  timers. 

The  movement  of  these  character  wheels  meclmnically  opens 
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the  outside  circuit,  which  extends  from  the  transmission  boxes  to 
the  instrument  board,  and  thus  transmits  the  signals  to  the  central 
station.  Each  revolution  of  the  various  character  wheels  registers 
a  distinctly  different  signal  on  the  tape  register  at  the  instrument 
board,  and  for  fire  signals  the  number  of  alarm  is  preceded  by  the 

letter  "F"  in  Morse  code  ( ),  signifying  fire.     The  fire  signal 

is  also  simultaneously  announced  by  the  tapping  of  a  spiall  gong 
located  on  the  central  board,  and  at  the  scene  of  fire  by  the  ringing 
of  local  electric  bells. 

All  fire  alarms  are  at  once  transmitted  to  the  public  fire  depart- 
ment. ''Trouble"  signals  are  at  once  investigated  by  a  "runner" 
who  is  dispatched  to  the  building.  The  assured  is  also  notified 
at  once  by  telephone. 

The  Water-flow  or  Fire  Alarm  is  effected  by  means  of  a  con- 
nection with  the  alarm  valve  in  such  manner  as  to  cause  a  water- 
flow  signal,  which  is  virtually  a  fire  alarm,  when  one  or  more 
sprinkler  heads  operate.  On  wet  systems,  a  retarding  device 
prevents  the  sending  in  of  false  alarms  for  water  hammer  or  other 
temporary  variations  in  pressure,  by  withholding  the  water-flow 
signal  for  a  period  of  fifteen  to  twenty  seconds.  Thus,  in  case  of 
temporary  disturbance,  a  ''trouble"  signal  of  one  round  is  trans- 
mitted. If  a  continuous  water-flow  exists,  the  "trouble"  signal 
is  followed  by  five  rounds  of  the  box,  this  constituting  a  water- 
flow  alarm. 

Supervisory  Service.  Gate-Valves.  —  Attachments  are  made 
to  all  gate-valves  wliich  arc  under  the  control  of  the  assured, 
in  such  manner  that  two  and  one-half  turns  of  any  valve  stem 
cause  a  signal  to  be  transmitted  to  the  central  station  in  the  super- 
visory circuit.  A  different  signal  is  given  as  soon  as  the  valve  is 
restored  to  normal  position. 

Pressure.  —  Dry-pipe  systems  are  arranged  to  transmit  signals 
at  about  10  pounds  excess  above  a  fixed  pressure  of  35  pounds. 

Attacliments  to  pressure  tanks  give  high  and  low  pressm'e  signals 
at  6  i)ounds  below  and  15  pounds  above  a  normal  pressure  of  80 
pounds. 

Steam  ])ressure  attachment  is  adjusted  to  give  a  low  pressure 
signal  at  45  poimds. 

All  of  the  above  devices  automatically  record  the  restoration 
of  normal  pressures. 

Water  Levels.  —  Gravity  tanks,  reservoirs  or  cisterns  used  as 
sources  of  water  supply  are  equipped  with  "ball-float"  attach- 
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ments  which  give  low  water  signal  for  a  drop  of  6  inches  below 
required  level. 

Temperature.  —  Gravity  tanks  and  reservoirs,  etc.,  where  sub- 
ject to  freezing,  arc  also  equipped  with  thermometer,  located  about 
two  feet  below  the  water  level,  and  adjusted  to  give  signal  when 
the  temperature  falls  below  37  degrees  F.,  or  when  it  rises  above 
165  degrees  F.       ' 

Automatic  Fire  Pumps  are  also  equipped  with  complete  Super- 
visory apparatus  for  attachment  to  all  steam-,  discharge-  and 
suction-valves. 

Manual  Boxes  are  furnished  and  installed  as  a  part  of  sprin- 
kler supervisory  systems.  These  are  connected  with  the  central 
station  and  are  relayed  to  the  city  fire  department  in  the  usual 
manner. 

Inspection  and  Supervision.  —  The  operating  companies 
usually  inspect  all  risks  every  two  weeks.  Such  inspections  in- 
clude working  tests  of  the  various  devices  installed. 

Daily  reports  are  issued  by  the  company,  showing  receipt  of  all 
signals,  their  time  and  nature,  and  when  restored  to  normal  con- 
dition. 

Allowances  for  **  Sprinkler  Notification  "  Service,  as  practised 
by  the  Boston  Board  of  Fire  Underwriters,  are  given  in  combina- 
tion with  other  means  of  protection  on  page  906. 

In  the  practice  of  the  New  York  Fire  Insurance  Exchange,  the 
installation  of  sprinkler  supervisory  service  increases  the  allowance 
for  automatic  sprinklers  by  20  per  cent.,  in  addition  to  which 
watchman  service  is  allowed  5  per  cent.  No  allowances  are  then 
made  for  either  automatic  fire  alarm  system  or  auxihary  boxes. 


CHAPTER  XXXII. 

SEHPLE    PBOTECTITE    DEVICES.      FIRE    PAILS   AND 
EXTINGUISHERS;  PAINTS  AND   SOLUTIONS. 

Simple  Protective  Devices.  —  In  the  absence  of  automatic 
means  of  detecting  or  extinguishing  fire,  and  even  in  the  absence 
of  an  adequate  water  supply  under  pressure,  complete  reliance  for 
the  extinguishment  of  fire  should  not  be  placed  upon  the  public 
fire  department.  In  such  cases,  the  prompt  and  inteUigent  use 
of  very  simple  protective  devices  will  generally  mean  the  difference 
between  an  incipient  fire  of  trifling  magnitude,  or  a  fire  which,  five 
minutes  later,  may  require  an  entire  fire  department.  There  are 
comparatively  few  instances  in  the  occupancy  of  buildings  where 
it  is  impracticable  to  install  simple  auxihary  devices,  and  still 
fewer  instances  where  such  installations  would  not  prove  of  value 
in  case  of  fire.  Thus  in  the  case  of  the  fire  in  the  State  Capitol  at 
Albany,  N.  Y.,  an  occupant  of  the  building  at  the  time  of  the 
fire  statcui  that  ^'the  fire  at  this  time  could  easily  have  been  put 
out  with  a  pail  or  two  of  water.  We  searched  in  vain  for  anything 
to  serve  the  purpose." 

The  efficiency  of  such  auxiliary  "first  aids,"  however,  will  be 
found  to  be  dependent  upon  several  contingencies,  such  as  organi- 
zation of  employees  or  tenants  to  insure  prompt  and  effective 
action,  handy  location,  and  the  rehability  or  working  order  of  the 
auxiliary  aids  provided. 

Fire  Pails.  —  The  simplest,  cheapest  and  best  fire  extinguisher 
yet  devised  is  a  pail  of  water.  Hence  fire  pail  equipments  have 
long  been  a  recognized  protective  device  of  great  value,  and  as 
sucli  are  generally  given  stated  allowances  in  insurance  ratings, 
provided  they  are  installed  and  maintained  under  stated  rules 
and  regulations.  The  following  specifications  for  fire  pail  equip- 
ments are  enforced  by  the  New  York  Fire  Insurance  Exchange: 

Installation.  —  A.  The  installation  of  fire  pails  in  various 
buildings  is  determined  by  the  rating  schedule  appUed  to  the 
buildings.  As  a  rule,  rating  schedules  provide  that  fire  pails  are 
requii'ed  in  all  buildings  used  for  business  purposes,  such  as  fac- 
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tories,  wholesale  or  retail  stores,  warehouses,  offices  and  office 
buildings,  etc.,  but  not  in  churches  or  premises  occupied  for 
dweUing  purposes. 

B.  Pails  are  required  to  be  placed  throughout  the  entire 
premises  occupied  for  business  purposes.  This  includes  base- 
ments, sub-basements,  attics,  mezzanines  or  galleries,  exten- 
sions —  in  brief,  every  floor  and  every  part  of  a  floor  used  for 
business  purposes. 

C.  In  buildings  of  non-fire-resisting  construction,  the  entire 
building  and  all  tenants  in  the  building  are  required  to  provide 
fire  pails,  as  a  condition  to  the  allowance  being  granted  to  any 
tenant  in  the  building. 

D.  In  buildings  of  fire-resisting  construction,  each  floor 
is  considered  a  separate  unit,  and  accordingly  all  tenants  on  any 
one  floor  are  required  to  provide  pails  as  a  condition  to  the 
allowance  being  granted  to  any  tenant  on  that  particular  floor. 
When  a  floor  is  divided  into  sections  by  fire-resisting  partitions, 
each  section  is  considered  a  separate  unit  and  is  treated  accord- 
ingly. 

Number  of  Pails*  —  A.  For  a  floor  space  of  1000  square 
feet  or  less,  two  pails  are  required,  and  for  each  additional  500 
square  feet  or  fraction  thereof,  an  additional  pail  is  requu^ed. 

Examples.  —  A  floor  space  of  1000  sq.  ft.  or  less  requires  two 
pails. 

A  floor  space  of  1000  to  1500  sq.  ft.  requires  three  pails. 

A  floor  space  of  1500  to  2000  sq.  ft.  requires  four  pails. 

A  floor  space  of  2500  to  3000  sq.  ft.  requires  six  pails. 

B.  The  number  of  pails  required  on  any  one  floor  depends 
on  the  area  of  that  particular  floor,  and  is  not  governed  by  the 
number  required  for  floors  above  or  below. 

Pails.  — 

A.  To  be  galvanized  iron. 

B.  Capacity  10  or  12  quarts. 

C.  To  be  painted  red. 

*  D.  To  be  lettered  "Fire,"  or  "For  Fire  Only.'*     Letters 
to  be  black,  not  less  than  2  J  inches  high. 

E.  Round  bottom  recommended  for  establishments  where 
employees  are  likely  to  use  pails  for  ordinary  purposes. 

F.  Covers  not  required,  but  recommended. 

G.  Wooden  pails  will  not  be  accepted  under  any  circum- 
stances. 

Setting.  — 

A.  To  be  fixed,  permanent,  and  reserved  for  fire  paiLs. 
Brackets,  shelves  or  oenches  are  the  approved  setting,  but  they 
must  be  intended  for,  and  Umited  in  their  use  to,  fire  pails.     Fire 

*  The  rules  of  the  National  Board  of  Fire  Underwriters  Call  for  number  and 
arrangement  as  required  by  Underwriters  having  jurisdiction,  but  not  less  than 
one  dozen  pails  to  every  5000  square  feet  of  floor  area.  Not  over  one-half  the 
required  number  of  pails  per  floor  may  be  replaced  by  chemical  extinguishers 
in  the  proportion  of  one  approved  portable  exliuguisher  tQ  six  pails. 
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pails  placed  on  floors,  stock  shelves,  window  sills,  radiators,  work 

tables  or  benches,  safes,  desks,  boxes,  or  in  tiers,  will  not  be  s( 

approved  for  the  reduction  in  rate.  si 

B.  To  be  not  lower  than  two  feet  above  the  floor,  measured  C 
from  floor  to  bottom  of  pail.  t( 

C.  To  be  not  higher  than  five  feet  above  the  floor,  measured  .  3 
from  floor  to  top  of  pail. 

D.  When  round  bottomed  pails  are  set  in  shelves  or  benches,  u 
the  holes  cut  out  for  the  pails  should  be  only  large  enough  to  ii 
receive  the  oval  bottom;  that  is,  the  flange  of  the  bottom  should  v 
rest  on  the  support,  and  not  be  set  into  the  opening. 

Distribution.  —  ] 

A.  To  provide  pails  near  at  hand  in  every  part  of  the  prem-  I 
ises.  I  1 

B.  To  provide  extra  pails  near  dangerous  features.  1 

C.  In  groups  of  2,  3,  4,  5  or  6,  but  not  larger  than  6.  ; 
Examples.  —  An  equipment  of  12  or  less,  on  a  floor,  to  be 

divided  into  groups  of  2  or  3.  j 

24  or  less,  on  a  floor,  to  be  divided  into  groups  of  2,  3  or  4. 
More  than  24  on  a  floor,  to  be  divided  into  groups  of  not  more     .   \ 
than  6. 

D.  Groups  to  be  placed  diagonally  opposite,  i.e.,  "criss 
crossed,"  or  ''staggered." 

Location.  — 

A.  In  clear  space,  providing  free  and  unimpeded  access. 

B.  In  close  proximity  to  exits,  such  as  stairways,  elevators, 
fire  escapes. 

C    In  a  familiar  place,  within  constant  sight  of  the  occupants. 

D.    In  close  i)roximity  to  places  where  fire  is  likely  to  start. 

K.  Not  to  be  blocked  by  stock  or  machinery,  or  covered  with 
rubbish  or  oth(T  materials. 

Filling.  —  Water  i^ails  to  be  refilled  once  a  week  regularly 
with  clean  water. 

Sand  Pails.*  —  Wliere  oils,  paints  or  inflammable  liquids 
are  kept,  used  or  stored,  one-half  of  the  total  number  of  pails 
re(iuired  to  be  kept  filled  with  clean  dry  sand,  and  a  scoop  pro- 
vided for  use  in  throwing  the  sand.  Sand  pails  should  not  be 
filled  so  full  as  to  make  them  inconveniently  heavy.  Two-thirds 
full  is  sufficient. 

Fri',('.zinq.-\  —  When  fire  pails  are  located  where  there  is  a 
liability  of  the  water  being  frozen  in  cold  weather,  it  is  recom- 
mended that  two  pounds  of  chloride  of  calcium,  or  salt  (the  former 
is  prefertible),  be  placed  in  each  pail.  For  casks,  the  quantity 
r(H;ommended  is  50  ])ounds  for  each  cask.  It  is  necessary  that  the 
chloride  of  calcium  or  the  salt  be  dissolved  by  thorough  stirring. 

Supervision.  —  The  fire  pail  equipment  to  be  placed  in 
charge  of  the  engineer,  the  janitor,  the  foreman,  the  watchman 
or  some  person  with  authority,  who  will  be  answerable  for  its 
efficiency. 

*  Compare  with  paragraph  "Special  Hazards,"  page  932. 
t  Sec  also  page  927, 
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Substitutes.  —  Instead  of  ordinary  fire  pails  as  above  de- 
scribed, water  casks  and  paiLs  or  patent  bucket  tanks  may  be 
substituted  under  the  conditions  given  under  following  headings. 
Or,  chemical  fire  extinguishers  may  replace  not  over  one-half  the 
total  number  of  pails  on  a  floor,  on  the  basis  of  one  approved 
3-gallon  extinguisher  for  six  pails  or  one  cask  and  three  pails. 

In  Case  of  Fire.  —  When  possible,  fire  pails  should  be  used 
under  the  direction  of  a  competent  person.  Do  not  throw  water 
in  a  wild,  aimless  manner,  but  if  there  is  time,  make  use  of  a 
wetted  broom  to  beat  out  the  fire,  oi>  blankets  to  smother  it. 

Water  should  not  be  used  on  burning  liquids,  such  as  oils, 

Eaints,  etc.,  as  it  will  not  extinguish  the  fire  but  will  float  the 
urning  liquids  to  a  distance,  and  thereby  spread  the  fire.  Some 
material,  such  as  sand,  should  be  used,  first,  to  keep  the  burning 
liquid  from  spreading,  and  then  to  smother  the  fire. 


The  above  regulations,  covering  only  such  a  simple  device  as 
fire  pails,  are,  after  long  and  tried  experience,  found  to  be  in  line 
with  the  old  adage  ''be  careful  in  little  things,  and  large  things 
will  care  for  themselves."  It  has  been  found  advisable  to  require 
that  the  pails  be  painted  red,  with  the  words  ''Fire"  or  "FoR 
Fire  Only"  in  black  letters.  The  red  color  is  useful  because  of 
its  general  association  with  fire;  it  helps  to  make  the  pail  clearly 
visible  when  wanted,  and,  with  the  word  "  Fire,"  is  a  constant 
reminder  that  the  pail  is  there  for  a  special  purpose, —  the  putting 
out  of  fire,  —  and  is  not  to  be  taken  away  or  used  for  ordinary 
purposes.  The  placing  at  a  medium  height  is  devised  to  permit 
of  grjusping  the  pail  without  spilling  half  its  contents;  if  a  pail  is 
placed  more  than  five  feet  high  it  is  likely  to  be  out  of  the  reach 
of  the  average  person;  and  if  set  lower  than  two  feet  it  is  likely 
to  be  overlooked  or  to  be  knocked  from  its  position.  The  use  of 
an  iron  pail,  in  preference  to  wood  or  other  material,  is  a  matter 
of  service  and  economy,  in  addition  to  the  greater  likelihood  that 
an  iron  pail  will  be  found  serviceable  when  suddenly  wanted  for 
use.  The  requirement  of  a  stated  number  distributed  in  groups 
throughout  the  entire  premises,  is  framed  to  provide  that  pails 
shall  be  within  a  hand's  grasp,  and  not  be  distant  anywhere  from 
50  to  200  feet  at  a  time  when  a  tiny  flame  is  rapidly  growing  into 
a  formidable  blaze.  The  insistence  of  a  permanent  setting,  such 
as  hooks  or  shelves,  is  intended  to  make  sure  that  the  pail  will  be 
given  a  fixed  position,  which  will  become  familiar  to  the  occupants 
who,  in  time  of  excitement,  can  rely  on  finding  pails  in  a  definite 
spot.     The  regular  re-filling  is  a  common-sense  precaution  to 
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make  sure  that  the  pails  shall  contain  water.  Such  rules  as  these 
are  part  of  the  usual  discipline  maintained  in  establishments  wljich 
have  in  view  a  careful  management  of  their  property,  and  a  proper 
observance  of  them  will  tend  greatly  to  reduce  losses  by  fire. 

Sealed  Fire  Palis.  —  The  Waggoner  "  Sanatory  "  fire  bucket, 
made  with  a  Ud  sealed  with  wax  to  prevent  contents  from  fouling 
or  evaporating,  is  shown  in  Fig.  379.  These  buckets  are  made  to 
contain  three  gallons  of  water,  but  the  shape  is  such  that  they 
cannot  be  emptied  with  a  single  effort.  The  sealed  lid  may  be 
easily  removed  by  pulling  the  lid  handle.  Calcium  chloride  or 
other  salts  may  be  added  to  render  the  contents  non-freezing. 


Fig.  379. 


Sanatory"  Fire  Bucket.     Fig.  380.  —  Safety  Fire  Bucket  Tank. 


Water  Casks.  —  Instead  of  fire  pails,  water  casks  and  pails 
may  ho  used  under  the  following  conditions,*  each  cask  to  be  con- 
sidered the  equivalent  of  six  ((>)  fire  pails: 

Cask  to  be  a  good  oak  barrel  of  capacity  not  less  than  50  gallons. 
To  be  painted  red,  with  words  "Fire"  or  ''For  Fire  Only'' 
I)ainted  thereon  in  black  letters  not  less  than  6  inches  high.  To 
have  a  cover  with  a  handle.  i 

Three  (3)  standard  fire  pails  to  be  placed  on  a  shelf  or  on  hooks  ( 
alongside  the  cask. 

Bucket  Tanks.  —  Ordinary  fire  pails  or  water  casks,  while 
not  usually  objectionable  as  to  appearance  in  manufacturing  or 
storage  buildings  and  the  like,  are  unsightly  in  a  better  class  of 
buildings.     For  such  cases,  a  ])atented  metal  bucket  tank  is  made 

*  The  Now  York  Fire  Insurance  Exchange. 
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by  the  Safety  Fire  Extinguisher  Co.,  New  York,  wherein  6  metal 
fire  pails  are  immersed  within  a  tank  containing  water,  each  pail 
nesting  within  another  (see  Fig.  380).  This  method  remov^es  the 
pails  from  view,  keeps  them  free  from  dirt,  and  renders  the  Uability 
of  pails  being  empty  or  overturned  less  hkely.  If  used  in  exposed 
locations,  a  non-freezing  solution  is  used. 

Bucket  tanks  of  this  character  are  usually  accepted  by  the 
insurance  companies  in  lieu  of  fire  pails  on  the  basis  of  one  tank 
containing  six  pails  to  six  fire  pails,  provided  the  casks  are  fre- 
quently inspected  to  insure  that  covers  lift  readily,  pails  may  be 
easily  withdrawn,  and  casks  are  kept  filled. 

Non-freezing  Solutions  for  Water  Pails,  Casks,  etc.  — 
The  following  facts  and  tables*  concerning  materials  employed  to 
lower  the  freezing  point  of  solutions  may  be  used  as  a  guide,  accord- 
ing to  the  needs  of  the  case  in  hand. 

Common  Salt  has  been  much  used  to  prevent  freezing  of 
water  in  pails,  and  so  forth,  but  it  does  not  lower  the  freezing 
point  sufiSciently  to  be  of  very  great  use  in  average  cold  weather. 
If  the  solution  is  too  concentrated  its  disagreeable  propensity 
to  "creep"  and  crystallize  all  over  the  receptacle  makes  it  ex- 
tremely objectionable.  It  will  always  attack  and  rust  metals 
with  more  or  less  rapidity. 

Common  salt,  or  sodium  chloride,  is  the  only  salt  that  has 
been  recommended  for  use  in  chemical  extinguishers,  and  this 
only  by  a  few  manufacturers.  They  advise  the  use  of  one  quart 
of  salt  for  a  three-gallon  tank.  This  will  lower  the  freezing  point 
to  about  15°  F.  above  zero,  but  will  not  withstand  a  continuous 
cold  spell  in  northern  climates. 

The  following  table  gives  the  freezing  points  of  salt  solutions 
of  different  strengths. 

FREEZING  POINT  OF  SALT  SOLUTIONS. 
"^^ator'STwIffht.*"  Freezing  point. 

1  per  cent,  salt 31. 8  degrees  F. 

5  per  cent,  salt 25. 4  degrees  F. 

10  per  cent,  salt 18. 6  degrees  F. 

15 per  cent,  salt 12. 2  degrees  F. 

20  per  cent,  salt 6.8  degrees  F. 

25  per  cent,  salt 1.0  degrees  F. 

Use  one  pound  of  salt  to  18  gallons  of  water.  Add  four 
ounces  of  salt  to  this  solution  for  every  degree  Fahrenheit  below 
30.     One  gallon  of  water  weighs  8.35  pounds. 

*  See  "Freezing  Preventives  for  Water  Pails  and  Chemical  Extinguishers," 
by  J.  Albert  Robinson,  National  Fire  Protection  Association's  "Quarterly," 
January,  1912. 


a  white,  solid  substance,  like  common  salt,  which  j 
orless  solution  when  dissolved  in  water.     Unlike  salt  ' 
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Another  table  has  been  expressed  as  follows: 

COMMON  SALT  (Sodium  chloride). 
Pounds  per  gallon.                                    Freezing  point  —  Degrees  Fahrenheit. 
5 24  above  zero 

1    18      " 

U 15       " 

li 12      " 

If 9       " 

2   6      "        " 

2-1- 3       "        " 

2| 1       " 

3   3  below  zero 

3i 8      "       '*  i 

The  solution  should  be  mixed  in  a  vat  before  being  placed  in 
barrels,  care  being  exercised  to  see  that  the  salt  is  entirely  dis- 
solved. If  dumped  into  a  barrel  and  covered  with  water,  or  if 
thrown  into  a  barrel  of  water,  the  salt  will  be  only  partially  dis- 
solved and  unsatisfactory  results  obtained.  Barrels  with  wooden 
hoops  should  be  used,  as  salt  will  corrode  steel  hoops  or  steel  tanks. 

Calcium  Chloride. 

This  is 
makes  a  colorless 
it  does  not  rust  metal.  It  has,  however,  a  tendency  to  attack 
solder.  Because  of  this,  and  also  the  chemical  reaction  that 
would  be  involved,  it  is  not  suitable  for  use  in  chemical  extin- 
guishers. A  small  amount  of  hme  added  to  the  solution  will 
remove  any  tendency  to  acidity.  It  has  no  odor  and  will  remain 
odorless  even  if  loft  standing  for  a  long  time.  It  will  not  evapo- 
rate nor  form  sediment.  Calcium  chloride  is  hygroscopic  and  will 
quite  readily  absorb  moisture  from  the  air.  If  water  freezes, 
this  salt  will  not  "creep"  and  ''grow"  (crystalUze)  over  the  re- 
ceptacle as  does  common  salt. 

The  following  facts  should  be  taken  into  consideration: 

The  amount  of  calcium  chloride  necessary  to  make  a  satu- 
rated solution  decreases  with  the  temperature  of  the  solution. 
A  solution  which  is  saturated  at  sixty  degrees  will  be  super- 
saturated at  zero,  and  the  excess  crystallizes  out  and  floats  on  the 
surface  of  the  water,  forming  a  film  which  may  collect  dirt  and 
filth.  This  feature  is  not  so  objectionable,  however,  as  the 
crystallization  of  salt,  which  takes  place  under  most  conditions. 

The  Solvay  Process  Company's  75%  fused  or  sohd  calcium 
chloride  is  sold  in  thin  sheet-iron  drums  of  610  pounds  capacity, 
at  $20  per  ton.  It  is  also  put  up  in  375  pound  drums  at  a^out  U 
cents  per  pound.  It  can  be  bought  from  any  other  dealer  in  heavy 
chemicals.  If  one  is  using  much  calcium  chloride,  it  is  preferable 
to  regulate  the  strength  by  using  a  special  hydrometer  marked 
in  "Degrees  Salometor"  as  well  as  in  "Degrees  Beaum^." 

The  following  table  shows  the  temperature  at  which  water 
will  freeze  with  givon  c\uaiiU\;\ft"^  q1  Qalcium  chloride  in  solution: 
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Pounds,  per 

gallon  of 

water. 

Temperature  of 
freezing. 

Pounds,  per 

gallon  of 

water. 

Temperature  of 
freezing. 

■   1* 

u 

2 
3 

+29  F. 

27  F. 

23  F. 

18  F. 
+3-4  F. 
-1-4  F. 

5i 

-  8-11  F. 
-17-19  F. 
-27-29  F. 
-39-41  F. 
-50-54  F. 

Where  calcium  chloride  solution  is  used,  wooden  barrels 
:)uld  first  be  well  coated  inside  with  asphaltum,  or  with  a 
xture  of  crude  paraffin  and  resin,  to  prevent  shrinking  of  staves 
d  consequent  leakage. 


Lead  sto])i)cr 


Chemical  Fire  Extinguisliers. 

ndy  means  of  fire  extinc- 
n  other  than  pails  of 
-ter,  numerous  devices 
ve  been  produced  de- 
nding  on  the  use  of 
emicals.  Most  of  these 
ve  proved  unsatisfactory- 
actual  practice,  but  the 
vice  known  as  the  chemi- 

1  fire  extinguisher,  which 
23  carbonic  acid  gas  and 
.ter,  has  been  perfected  to 

extent  which  makes  it  a 
hiable  fire  appliance  for 

2  by  the  general  public. 
This  device  (see  Fig.  381) 
a  cylindrical  copper  tank 
th  a  small  hose  attached, 
d  when  charged  weighs 
out    thirty-five    pounds. 

is  filled  with  water  in 
lich  is  dissolved  some 
carbonate  of  soda,  while 

a  glass  container,  kept 
jarate  from  the  soda  solu- 
n,  is  some  sulphuric  acid. 


■  In  the  effort  to  provide 
'Rinpr  Handle 


row  Cap 


Fia.  381.  —  Chemical  Fire  Extinguisher. 


hen  the  acid  and  the  soda  solution  are  mingled,  carbonic  acid 
3  is  formed,  creating  considerable  pressure  and  propelling  the 


930        FIRE   PREVENTION   AND   FIRE   PROTECTION 

water  through  the  hose  with  great  force.     In  addition,  the  car- 
bonic acid  gas  is  a  non-supporter  of  combustion,  and,  when  car- 
ried along  with  the  water,  helps  to  extinguish  the  fire,  a  result  to   | 
which  the  sodium  salts  in  the  solution  also  contribute. 

Years  of  experience  with  carbonic  acid  gas  devices  demonstrate 
beyond  question  that  when  these  are  intended  for  use  by  inex- 
perienced persons,  three  requirements  are  necessary.  First,  that  ; 
the  machine  shall  operate  by  simply  turning  it  upside  down;  i 
second,  that  the  acid  shall  be  fed  gradually;  and  third,  that  the 
machine  shall  withstand  the  pressures  generated  with  a  large 
margin  of  safety.  Poorly  constructed  machines,  or  a.  defective 
or  compHcated  method  of  combining  the  acid  and  the  soda  solution, 
are  liable  to  render  the  extinguisher  worthless  at  a  time  when  every 
dependence  is  placed  on  it.  For  this  reason  it  becomes  necessary, 
in  the  interest  not  only  of  the  fire  insurance  community  but  of 
the  insuring  public  as  well,  to  establish  a  standard  of  safety  and 
reliability. 

Approved  Makes.  —  Standard  chemical  fire  extinguishers,  as 
recognized  by  insurance  interests,  are  those  makes  which  have 
been  tested  and  approved  by  the  Underwriters*  Laboratories,  Inc. 
The  latest  approved  list  of  such  extinguishers  may  be  had  by 
addressing  tho  Uiidorwri tors'  Laboratories,  Inc.,  Chicago,  III.,  or 
the  National  Fire  Protection  Association,  87  IVIilk  St.,  Boston, 
Mass.  Each  aj^proved  extinguisher  should  contain  the  label  of 
the  I-nderwritors'  Laboratories,  together  with  its  trade  name,  the 
name  of  the  manufacturer,  and  directions  for  use  and  maintenance. 

Specifications  for  I ndallation  aiul  Maintenance  *  —  Approved 
3-ffallon  chemical  fire  extinguishers  may  be  used  instead  of  one- 
half  the  required  number  of  fire  pails,  as  previously  stated  in 
paragra  ph  ' '  S  iibst  it  utes . ' ' 

Setting.  —  A.  Shelves,  brackets  or  hooks  are  the  approved 
setting,  but  they  must  be  intended  for,  and  limited  in  their  use 
to,  extinguishc^rs.  If  hooks  are  used,  the  extinguisher  must  be 
supported  at  the  bottom  as  well  as  at  the  top.  Extinguishers 
placed  on  the  floor,  on  stock  shelves,  window  sills,  safe,  desks, 
radiators,  boxes  or  on  work  tables,  will  not  be  approved. 

B.  To  be  not  lower  than  two  feet  above  the  floor,  measured 
from  floor  to  bottom  of  extinguisher. 

C.  To  be  not  higher  than  five  feet  above  the  floor,  measured 
from  floor  to  top  of  extinguislier. 

Location.  —  In  placing  extinguishers,  it  is  necessary  that 
they   be   placed   near   exits,    such  as  stairways,  elevators  and 

*  Practice  of  New  York  Fire  Insurance  Exchange. 
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fire  escapes  (preferably  in  stairway  halls  fir  f^ticl<;wures),  ia  orflrr 
tiiat,  in  case  of  iire.  the  person  who  uses  them  may  do  m  from  ^ 
phu:e  of  safety  and  with  meani*  of  e.st'ape  provitieil.  After  thri 
exits  have  been  covered,  other  extinguLshers  may  he  distrilmte  1 
at  central  points  in  the  space  they  are  intended  to  protect,  |)refer- 
ence  being  Kiven  to  points  in  dose  proximily  to  placen  where 
fire  is  likely  to  atart^  and  to  familiar  ]>laceri  witliin  ronsltiot  sight 
of  occupants*  In  all  cases  they  must  be  in  a  clear  space,  pro- 
viding frm?  and  unimpeded  access^  and  must  not  tie  blocked  by 
stock  or  machinery^  or  covered  with  rubbish  or  other  materials, 

Maintefianct;,  —  Extinguishers  should  be  tested  and  exam- 
ined once,  and  preferably  tmce  a  year,  fti'tpient  teKl.s  being  in- 
valuable in  the  knowledge  they  give  employees  and  other  persons 
of  the  operation  of  the  device.  At  these  tests  the  extinguisher 
should  be  diaeharged  as  if  for  actual  service,  and  ttitni  t^xamined 
for  corrasion  of  1  he  interior  or  other  defects.  After  tlie  tests,  or 
whenever  used,  the  extinguisher  should  be  cle:ined  luui  recharged. 
To  recharge  an  extinguisher,  the  cup  should  be  unscrewed,  the 
acid  bottle  removed,  and  any  remaining  contents  emptiefl  from 
the  tank  and  from  the  bottle.  Then  both  tank  and  bottle  should 
be  thoroughly  rinsed  with  fresh  water,  and  an3^  deposit  removed 
from  the  wire  screen  over  the  hose  outlet. 

CkargE.  —  The  soda  charge  m  prepared  by  mixing  one  pound 
and  a  half  of  bicarbonate  of  so<.la  m  two  and  one-half  gallons  of 
water  and  stirring  until  the  soda  is  dissolved,  whtMi  the  solution 
can  be  poured  in  the  tank,  care  being  taken  that  it  does  not  rise 
above  the  filling  mark  indicated  on  the  inside  of  the  tank. 

The  acid  charge  consists  of  4  fluid  ounces  of  commercial 
sulphuric  acid  (oil  of  vitriol),  which,  when  poured  in  the  bottle, 
should  not  rise  above  the  filling  mark  indicated  on  the  bottle. 
If  the  hotjlc  has  no  filling  mark,  the  acid  should  fill  not  more  than 
half  the  bottle. 

When  the  lead  stopper  has  been  put  in  the  bottle,  it  can  be 
replaced  in  the  liottle  holiler  atid  the  laltcT  put  in  position  in  the 
tank.  In  replacing  the  cap,  the  washer  must  not  be  omitted; 
the  cap  should  lie  screwed  dowTi  tight  and  cross  threading  avoided* 
After  recharging,  the  date  and  the  signature  of  the  person  who 
performed  it  should  be  recordetl  on  the  card  or  tag  attached  to 
the  machine  fqr  that  purpose. 

ExtinguisliLers  shouki  not  be  exposed  to  a  temperature  of 
32°  F.  or  lower  (unless  tilled  with  non-freezing  solution). 

In  Case  of  Firn,  —  Extinguishers  should  bt;  carried  to  the 
fire  right  end  up,  and  to  be  used,  should  bo  tipped  upside  dowTi, 
This  action  automatically  starts  the  stream,  which  can  be  shut 
ofT  by  righting  the  extinguisher  If  the  extinguisher  tails  to  work 
at  t»nce,  or  the  stream  ha^^  not  sufficient  force,  a  vigorous  sliaklng 
will  usually  remedy  the  matter,  While  the  stream  is  more  effec- 
tive if  used  close  to  the  fu'e,  in  case  of  necessity  it  can  be  directed 
from  a  distance  a,s  great  as  25  feet.  The  stream  sliould  always 
be  directed  first  at  tlie  lowest  part  of  a  fire  and  then  workeil  up- 
wfird.  The  use  of  the  extinguisher  is  especially  recommended 
for  the  follow  mg  kinds  of  fires; 
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Inaccessible  fires  in  hidden  places,  between  floors,  ceilings 
and  partitions,  and  in  chimneys,  flues  and  shafts. 

In  enclosed  spaces,  such  as  closets,  boxes,  etc. 

Overhead  fires,  such  as  draperies,  curtains,  hangings,  decora- 
tions, etc. 

Supervision.  —  The  extinguishers  must  be  placed  in  charge 
of  the  engineer,  the  janitor,  the  foreman,  the  watchman  or  some 
person  with  authority,  who  will  be  answerable  for  their  eflficiency. 

Special  Hazards.  — 

In  risks  or  parts  of  risks  occupied  for  any  of  the  hazards 
or  processes  enumerated  below,  water  pails  and  carbonic  acid  gas 
hand  fire  extinguishers  cannot  be  accepted  as  ground  for  allow- 
ance in  rating,  but  instead  thereof  pails  containing  sand,  or  any 
make  of  hand  fire  extinguisher  of  one  quart  or  more  capacity 
which  has  been  approved  by  the  Underwriters*  Laboratories  for 
use  in  incipient  fires  in  materials  where  water  or  solutions  con- 
taining large  percentages  of  water  are  not  effective,  and  which 
bears  the  label  of  said  Laboratories,  may  be  accepted,  in  place  of 
equal  numbers  of  water  pails  or  carbonic  acid  gas  hand  fire  ex- 
tinguishers respectively;  except  that  where  the  hazards  or  pro- 
cesses so  protected  are  enclosed  in  rooms,  not  less  than  six  sand 
pails  or  one  such  approved  extinguisher  shall  be  required  in  each 
room,  however  small  its  area,  such  pails  or  extinguishers  not 
to  be  credited  upon  the  protection  of  the  premises  outside  such 
room. 

Tlie  hazards  and  processes  subject  to  this  ruling  are  as  follow: 

Automobile  Clara^os.  Rendering  Establishments. 

Benzine  Dyc'ing  and  C'l(»aning  Soap  Works. 

Estahlismcnts,  liaving  5  gal-  Telephone  and  Telegraph  Ex- 
Ions  or  ovi'v  of  b(»nzine.  change  and  Stations. 

Car  Barns.  Varnish  Works. 

D(»groasiii}j;  Plants.  Window    Shade     Manufactur- 

Eloctric  Liglit  and  Power  Sta-  ing. 

lions.  All  risks   in  which  calcium 

Grease  risks.  carbide,   peroxide    of   sodium, 

Heating    of    oil,    wax,    pitch,  lime,    paints,    oils,    varnishes, 

asplialt,  rosin,  etc.  japans,  lacquers,  volatile  fluids, 

Paint  \\ Orks.  ruober     cement,      are     either 

Rubber   Cement  Manufactur-  stored  or  are  used  in  the  pro- 

ing.  cess  of  manufacturing.* 

Large  Capacity  Chemical  Extinguishers.  —  In  premises 
wliere  tlic^re  is  no  water  supply,  or  where  a  high  pressure  ser\*ice 
from  tlie  mains  is  not  available,  large  capacity  chemical  extin- 
guisliors  may  be  made  a  valuable  means  of  fire  protection.  These 
may  be  fixed,  in  tlie  shape  of  large  tanks  arranged  to  discharge 
througli  standpii)es  and  hose  connections,  or  portable  on  wheels. 
•  New  York  Fire  luauiance  Exchange,  (circular  of  January  2,  1912. 
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SpecificationB  for  the  construct icjn  and  installation  of  the  former 
type  may  be  obtained  from  the  National  Board  of  Fm"!  Under- 
writers. Tests  rnrnh:  witli  a  fixed  tank  of  125  gallons  capacity  are 
described  in  tji(?  British  Fire  Prevention  Committee's  '*Red 
Book^^  No.  131.  The  tests  were  partly  automfitic,  by  means  of 
sprinklei"  heads,  and  partly  manual  by  means  <.>f  ^•ulv'e  and  liose. 

A  variety  of  the  portable  type  im  a  4tVgallon  * 'engine,"  caimble. 
of  throwing  a  stream  about  75  feet,  the  disehaige  lasting  about 
eix  minutes.  When  not  in  use,  the  tank  stands  vertirulh^i  with 
handles  in  air,  oeenpying  a  space  leas  than  four  feet  s(inart\  Tlie 
charge  consists  of  20  pounds  of  bicarbonate  of  soda  and  7  pounds 
of  sulphuric  acid,  applied  as  for  hand  chi'mieal  extinpiishers, 
previously  described.  Tliis  tyix>  of  enpLne  is  very  valuable  for 
country  properties,  where  a  number  of  buildings,  such  iis  rwidence, 
stable,  garage,  and  fiirm-  or  out-buildiiiiis,  tire  to  be  (jroleclctb 

Tests  of  Fire  Falls,  ExtUtguflsftaers,  etc.  —  A  considerable 
number  of  act  ual  testes  of  the  ellicacy  of  water  pails^  han<  1-purnps, 
and  chemical  fire  extmgiiLshers,  etc.,  have  been  made  by  the  British 
Fire  Prevention  Committee, 

As  to  fire  pails  vs.  extinguishers,  the  Chairman  of  the  Executive 
Committee,  Mr.  Edwin  O.  Sachs,  finds  as  follows: 

These  tests  (fire  pails  and  hand-pumps)  wen*  undertaken 
with  a  view^  of  arriving  at  data,  which,  if  compared  with  those 
obtained  in  identical  or  similar  tests  in  M'hirji  hand  chemical 
fire  extinguishers  are  ushI,  would  allow  of  the  relative  value  of 
the  various  types  of  finst  aid  appliatices  beitig  more  properly 
realized  than  is  generally  the  case. 

The  chemical  fire  extinguisher  (containing  2  to  3  gallons  of 
liquid),  if  so  constructed  tliat  it  can  be  readily  aiul  etisily  handlr^d 
by  paiiie«  not  conversant  with  its  actiun  or  peculiarities,  has 
considerable  advantage,  assuming  of  course  tlkat  it  is  in  a  proper, 
workable  and  chnn  condition. 

But  it  should  not  be  forgotten  that,  the  ordinary  bucket  of 
water  and  the  hund-pump  have  a  very  high  fire  extinguish mg 
efficiency. 

Thus,  the  arlvent  of  the  hand  cheniical  fire  extinguislaT 
should  by  no  means  imply  neglect  of  thti  humbler  and  simpler 
extiiiguisning  appHances.* 

Detailed  and  illustraler]  reports  of  tests  with  varirius  English 
pattern  chemical  fire  extingiushers  may  be  found  in  the  British 
Fire  Prevention  Committee's  ''Red  Books^*  Nos.  121,  12t>,  134, 

•  Set>  Britiali  Fire  Prevention  Committee's  '* lied  Book''  No.  128,  "Fire 
TeBt«  with  BucketjB  of  Water,  Haad  PumpH,  etc.,  an  in  CommoB  Ut»o.'* 
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142  and  152.    Thf;  intrrxluctory  *'Xote"  to  one  of  these  repc»ri 
will,  firrrhafM,  give  a  fair  resnim^  of  the  test«: 


'Hiifl  serirrs  of  tosts  with  chemical  fire  extinguishers 
hhowwl  that  lianrl  chemical  fire  extinguishers,  as  a  class,  can  he 
frrifiloyj"!  with  a^l vantage  in  the  incipient  stages  of  smaU  fc:-. 
if  a  finr  ha.M  obtairn-rJ  such  proportions  that  it  cannot  be  extiii- 
guinhf^J  by  rrhi^micai  hand  fire  extinguishers,  still  they  may  be  u:<e- 
ful  U)  kf;f;fi  it  in  check  until  larg(;r  fire  appliances  can  be  brought 
iuU)  fjjay  —  tliirt  afiplics  especially  to  loose  material.* 

Fire  Tents  with  Liquid  Petroleum  Products.  —  A  series 
of  valuable  (;xiHTirriental  tests  has  been  carried  out  by  the  British 
i^'ire  l'n;v(!ntion  ('ommittee  to  determine  the  eflficiency  of  chemical 
fin;  (;xtinguiHli(;rH  and  other  simple  means  in  the  extinguishment 
of  burning  "fHitrol"  or  gasolene,  etc.  These  tests  are  of  especial 
intenwt  to  such  trades  as  cleaners  ajid  dyers,  where  volatile  spirits 
art*.  (!rnploy(Hl,  and  to  those  interested  in  fire  safety  as  applied  to 
autornobilr^H,  garagos,  motor  boats,  etc. 

"/W  Hook''  No.  130  describes  23  tests  made  to  determine  the 
cfTtHitM  of  a  (!h(!nii(5al  fir(j  extinguisher  upon  petrol  burning  in  small 
op<*n  t  juikn  and  in  other  receptacles  of  varying  size,  including  a 
tr(ni|:;li  covcnvl  wil  \i  a  grating  (approximating  the  conditions  exist- 
ing ill  llic  bolloni  of  II  motor  boat),  and  over  a  large  unbroken 
urr.'i,  sudh  ms  I  he  stones  floor  of  a  motor  garage. 

'V\\v  exlinguishcrs  uschI  were  of  a  patented  English  type,  of 
vjiryitiK  cMpacily,  but  all  very  similar  in  appearance  to  our  "Un- 
dcrwrileis"  chcMiiicMl  extinguisher.  The  tank  contained  tetra- 
chloride, 1  \\v  pressun^  being  suj)plied  by  carbonic  acid  gas  contained 
i!i  M  small  steel  cylinder  attached  to  the  eide  of  the  main  tank 
!»M(I  comiected  I  h(M-e\vitli  by  a  valve.  The  following  is  a  sunamar}' 
of  (he  nv^ulls  of  tlie  tests: 

Tlu^  exlinguislier  was  effective  on  small  petrol  fires  of  con- 
si(l(M\Mble  s(>verity.  In  H)  tests  and  rtMests  out  of  23,  the  extin- 
guishers were*  i^ltiH'tive.  In  14  out  of  19  instances  the  fire  was 
out  i!i  70  seconds  or  under. 

Its  (Mliciency  was  not  entirely  dependent  on  the  actual 
m(H»hanical  anj)licaiion  of  its  contents  into  the  burning  fiquiii. 
but  wa^  lari!;(My  due  to  chemical  action.  The  appliance  was  no: 
situpl(^  to  op(M'at(\  and  in  every  ctu^e  the  application  of  the  liqui: 
ivom  the  t^xiinguisher  u{Hm  or  over  the  burning  petrol  causei 
blav'k  puniicnt  snu>ke  to  rise  which  was  occ^onally  of  such  s 
character  and  density  as  to  hinder  the  operation  of  extinguisb- 

•  "  Red  Uoi)k  "  >io.  Vi<j,"  Yvc^Ttava  '^riUi  Fire  Extingiiubeia^*' 
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The  teats  took  jjIilmo  in  tlie  ojx^iL  Most  of  lliein  would  Imve 
been  almost  imjwsaible  to  carry  out  in  n  confined  apace. 

^'  Red  JSoofc*'  No.  143  describes  22  testa  of  a  character  emiilar 
to  those  previously  described.  The  extinguisher  usod  is  known 
aa  the  *'Foam"  petrol  extinguisher^  which,  upon  being  inver1e<i, 
causea  the  niixiiig  of  an  acid  with  a  special  ulkaii  ^^ohition,  forraing 
a  foam.    In  lii.s  introductory  ''  Note/'  Mr.  Per( y  Collins  states  that 

These  te-sts  were  of  a  very  interesting  nature,  more  esjiecially 
BO  as  showing  the  effect  of  employing  a  thick  foam  to  cut  the 
burning  vapor  off  from  the  petrol,  and  to  deprive  the  surface  of 
the  latter  of  contact  with  the  air. 

From  pant  experience  and  records  one  must  realize  that  for 
petrol  fires  of  any  magnitude  this  extinguisher  would  be  useless, 
but  for  comparatively  small  fires,  and,  it  may  be^  even  in  the 
early  stages  of  comparatively  big  ones,  it  can  he  operated  with 
advantage,  especiaUy  wdiere  its  contents  can  be  directed  against 
a  hard  surface  —  vertical  preferred  —  f?o  as  to  allow  of  the  foam 
falling  on  to  the  surface  of  the  petrol  and  floating  over  it. 

in  19  tests  out  of  a  total  of  22  the  extinguisher  w^aa  effective, 
and  in  13  instances  the  fire  w^a.s  out  in  one  minute  or  under.  Un- 
like  the  previously  described  tests,  the  efficiency  of  this  extinguisher 
appeared  to  be  dependent  upon  the  actual  mechanical  application 
of  the  c^^ntents  to  a  surface,  the  force  of  the  contact  adding  con- 
siderably to  the  amount  of  foam  produced,  w^hich  floated  over  the 
burning  liquid  and  excluded  the  ox>'gen  in  the  air. 

*^ Red  Book^'  No.  133  describes  25  tests  of  burning  benzine  in 
a  rinsing  tank  and  on  a  scrubl>ing  tal>ki  (l>oth  as  used  by  dyers 
and  cleaners),  —  of  crates  of  loose  wool,  heaps  of  oily  rags  and 
dirty  cotton  w^aate,  —  of  burning  i>etrol  in  vessels  of  various  shapes 
and  capacities,  — and  of  burning  celluloid.  The  means  of  extin- 
guishment employed  w^ere  asbestos  cloths  (squari^s  of  asbestos 
cloth,  6  ft.  Liy  G  ft.  4  ins.  in  size,  ahnjut  a^a  in.  thick,  known  as 
** Lucifer  Brand *'  Fire  Shf?et^),  sand,  and  steam.  The  following 
is  a  brief  summary  of  the  test-s: 

The  t^ts  demonstrated  the  complete  efficiency  of  asbestos 
cloths  in  putting  out  burning  spirit  vapor. 

In  the  citse  of  burning  materials  it  was  demoustj-ated  that 
asbestos  cloths  could  he  (jf  use  in  confining  the  fire  until  other 
appliances  were  brought  into  play. 

The  efficiency  of  sand  wtiji  demonstrated  wdiere  it  can  be 
employed  to  soak  up  s|)irit,  the  vapor  of  w^hich  is  ignited. 

The  efficiency  of  steam,  as  a[jphed,  was  demonstrated  where 
a  building  in  which  the  fire  is  burning  can  be  closed  up,  so  as  to 
exclude  as  much  draught  tis  poaaibie. 
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In  his  introductory  "Note/'  Mr.  Percy  Collins  stated  as  follows: 

The  tests  here  reported  were  of  a  most  interesting  character. 

The  apphcation  of  the  asbestos  cloths  was  certainly  efifective, 
and  fully  oemonstrated  their  great  utility  in  subduing  nres  caused 
by  spirit  vapor.  They  showed  that  where  trade  processes  need 
the  employment  of  a  volatile  spirit,  these  asbestos  cloths  form  a 
most  valuable  first-aid  appUance. 

As  to  the  use  of  sand  (which  was  applied  in  one  case),  its 
value  was  also  shown,  but  further  tests  should  be  carried  out. 

With  respect  to  the  emplo3nment  of  steam  —  the  efifect  of 
this  was  most  marked.  While  there  was  plenty  of  ventilation  in 
the  upper  part  of  the  walls  of  the  hut,  to  correspond  with  what 
would  be  arranged  for  in  buildings  occupied  for  processes  of 
manufacture  requiring  the  use  of  volatile  spirit,  the  steam,  never- 
theless, quickly  diffused  throughout  the  hut  and  quenched  the 
fire.  It  is,  however,  important  that  the  amount  of  steam  avail- 
able should  bear  a  suitable  relation  to  the  cubic  contents  of  the 
room  or  rooms  to  be  protected. 

Dry  Powder  Fire  Extinguishers.  —  The  efficiency  or  rather 
the  inefficiency  of  tubes  or  so-called  fire  extinguishers  containing 
dry  powder  mixtures  instead  of  Uquids  was  first  brought  to 
prominent  notice  through  the  Iroquois  Theatre  fire.  The  un- 
successful attempts  made  to  check  the  fire  in  its  incipient  stage  by 
means  of  ''Kilfyre"  dry  powder  tubes  led  Mr.  John  R.  Freeman, 
then  president  of  the  American  Society  of  Mechanical  Engineers, 
to  investigate  such  extinguishers  thoroughly  in  connection  with 
his  presidential  address  in  1905  on  ''The  Safeguarding  of  Life  in 
Theatres."*  In  that  paper  Mr.  I'reeman  gave  several  analyses 
of  tlie  chemical  constituents  of  such  compounds,  showing  that  they 
were  all  composed  of  bicarbonate  of  soda  (or  cooking  soda),  com- 
bined with  small  varying  percentages  of  coloring  matter  and  some 
substance,  such  as  starch  or  clay,  to  prevent  the  caking  of  the 
powder.  The  conclusion  was  reached  that  "the  material  has  some 
small  value  for  a  certain  class  of  fires,"  but  ''dry  powder  fire  extin- 
guishers should  never  be  used  to  give  a  false  sense  of  security  about 
the  stage  of  a  theatre,"  nor  for  factory  fire  protection.  "Pails  of 
water  are  far  more  reliable." 

Later  experiments  with  similar  dry  powder  fire  extinguishers 
have  been  made  by  the  Underwriters'  Laboratories,  Inc.,  and  by 
the  British  Fire  Prevention  Committee. 

Underwriters'  Laboratories  Tests.  —  The  investigations  of  this 
organization  were  printed  in  Bulletin  No.  125  of  the  National  Fire 

♦  See  Vol.  XXVII  oi  Transactloiis,  American  Society  Mechanical  Engineera. 
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Protection     Asaociation     (DeceraberT     1906)*     The     {conclusions 
reached  weit^  m  follows: 

( I )  Chcm  irni  A  mi  li/sefs : 

Chemical  analyses  of  the  contents  of  a  number  of  tubea  from 
various  manufaeturens  show  that  they  contain  mixtures  of  bi- 
carbonate of  soda  and  silica,  and,  generally,  oxide  of  iron.  Bi- 
carbonate of  soda  is  the  principal  ctjnst/ituent,  running  85  per  eent. 
to  98.4  per  cent,     A  typical  analysi??  is: 

Sodium  bi-carbonate . 87,6% 

Iron  oxide 4,  0% 

Silica S.4% 


100.0% 

Sodium  bi-carbonate,  when  heated  sufficiently,  gives  off 
carbon  dioxide  i\nd  la  converttKl  into  nodiutu  carbonate.  Thft 
pure  bi-carbonate  theoretically  gives  26,7%  carbon  dioxide  and 
63%  sodiuHi  carbonate.  The  latter  compound  is  verj^  stable^ 
fusing  at  a  bright  red  heat,  at  which  temperature  it  gives  up 
about  1%  carbon  dioxide. 

It  mtiHt  be  noted,  in  this  connection,  that  when  soda  is 
thrown  on  a  fire,  if  the  evolved  Ciirbon  dioxide  has  any  effect -at 
all  it  is  limited  considerably,  since,  when  the  temperature  is 
lowered,  tlie  evohition  of  ga«  stops,  and  to  etTect  further  decom- 
position of  the  soda  requires  a  considerably  higher  temperature 
than  at  the  start. 

The  oxide  of  iron  and  silica  are  intended  to  prevent,  caking 
of  the  bi-eai'bonate,  w^liich  has  the  |)rojicr1y  of  absorbing  moisture 
from  the  air.  On  examination  of  thirty-one  tubes  of  ^^arious 
makes,  stored  since  190:^-191)4  in  a  basement  prot('(ie<l  from  the 
weather,  it  was  founti  that  eleven  (11)  were  cakeil  to  such  &n 
extent  as  to  prevent  their  use. 

(2)  Fire  Test: 

Tests  were  made  to  determine  the  practical  efficiency  of  these 
extinguishers  applied  to  (n)  burning  liquids,  and  (^j)  solirl  sub- 
stances of  the  nature  of  wood. 

November  13,  lOOfJ.  Temperature  58  <legrees  Fahr.  Wind 
7  miles  per  hour.     Laboratory  yard. 

(o)  Gasolene  was  spread  on  a  surface  of  wood  4  ft.  X  7  ft., 
and  allowwl  to  burn  five  seconds.  It  re(piired  three  lubes  to 
subdue  the  blaze,  which  flared  up  within  a  few  seconds.  A 
suthcient  cjuantity  of  pow^ler  wu^  atlderl  to  cover  completely  the 
whole  surface,  but  in  thLs  case  the  gasolene  burned,  apparently 
not  l)cing  retarded  in  the  least.  If  any  carbon  dioxide  was 
evolved  it  had  no  appreciable  effect. 

/wood       T    w^a.s  placed  in  a  heap,  3  ft. 
hav  I    high  and  3  ft.  scpiare  at  the 

^-— --     I  shivings  f  base.     This  tire  was  allowed 

[  ex  eels  i  or  J  t  o  b  urn  t  h  rec  m  i  nu  tes,  w  hen 
the  contents  of  nine*  tubes  were  thrown  on  it  in  rapid  succession. 
The  tire  was  retarded  to  some  extent,  but  in  four  miantes  waa 
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burning  rapidly  again,  although  covered  with  the  powder.  This 
fire  was  finally  completely  extinguished  with  one  of  the  approved 
3-gallon  liquid  hand  chemical  extinguishers. 

The  British  Fire  Prevention  Committee^s  Tests  with  dry  powder 
fire  extinguishers  have  been  quite  exhaustive.  In  one  of  their 
reports  (see  "Red  Book''  No.  127,  issued  1908)  the  results  of  30 
tests  are  given,  showing  the  effects  of  an  English  patented  dry 
powder  extinguisher  on  a  burning  dressing  table  in  a  bedroom 
with  curtains,  on  burning  hay  in  a  stable  rack,  burning  crates, 
packing  cases,  loose  rubbish,  celluloid  and  gasolene.  The  follow- 
ing is  a  brief  summary  of  the  tests: 

The  tests  demonstrated  that  the  extinguishers,  when  prop- 
erly handled  and  in  sufficient  number,  were  efficient  in  checking 
small  fires  in  their  early  stages. 

Where  the  material  ignited  was  soft  and  loose,  difficulty  was 
always  apparent  in  stopping  the  smouldering  which  ensued. 

Where  petrol  (gasolene)  or  petrol  vapor  was  ignited  over  a 
small  area  (not  exceeding  4  sq.  ft.)  the  extinguishers  were  uni- 
formly effective. 

The  efficiency  depended  materially  on  the  closeness  of  range, 
the  position  of  the  operator's  shoulder  being  above  the  seat  of 
fire,  and  dexterity  in  throwing  the  powder. 

Conclusions.  —  The  various  tests  enumerated  above  would  seem 
to  show  conclusively  that,  for  all  ordinary  locations  and  fire  emer- 
gencies, water  pails,  chemical  fire  extinguishers  or  hand  hose,  etc., 
are  a  far  more  reliable  means  of  first  aid  than  dry  powder  estin- 
guishors.  There  are,  however,  certain  conditions  under  which 
dry  powder  extinguishers  may  be  desirable,  at  least  as  a  secondary 
if  not  primary,  means  of  protection.  Such  conditions  would 
include  locations  where  extremely  low  temperatures  are  liable  to 
occur  (thus  making  possible  or  probable  the  freezing  of  pails  or 
chemical  extinguishers,  even  when  filled  with  so-called  non-freezing 
mixtures),  —  museums  or  libraries,  where  water  damage  might 
be  as  serious  as  fire  damage,  —  the  burning  of  inflammable  Uquids, 
where  water  would  only  serve  to  spread  the  flames,  —  or  in  elec- 
trical apparatus,  where  the  application  of  water  to  fire  would  serve 
to  cause  a  "short  circuit,"  etc. 

Ftre-retardtng  Paints.  —  So-called  "fireproof"  paints,  or 
the  cold  water  compounds  which  are  sold  under  a  variety  of  trade 
names,  all  claiming  fire-resisting  properties,  should  be  classed  as 
fire-retard  ants  rather  than  as  fireproof.  While  wood  or  other  com- 
bustihle  materials  which  have  been  coated  with  such  compounds 
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wiU  successfully  withstand  the  blaze  of  a  match,  a  few  minutes 
exposure  in  a  gn^atc^r  Iioat^  its  of  a  himp,  will  show  that  no  great 
degree  of  fire-reaistance  exists.  However,  the  prm^cnlive  value  of 
Buch  coatings  is  material,  especially  for  scenery,  properties,  and 
other  stage  fittings,  in  that  the  quick  spread  or  ''flash*'  of  fire  over 
such  materials  will  be  greatly  retarded,  if  not  altogether  prevented. 
The  use  of  fire-retarding  paints  or  solutions  is,  therefore,  to  be 
strongly  recommended  for  scenery^  etc.,  whether  required  by  law 
or  not.  8ome  cities,  notably  New  York,  require  "Vail  stage  scenery, 
curtaiixs  and  decorations  made  of  eombuslible  material,  and  all 
woodwork  on  or  ab<3ut  the  stage  to  be  painted  or  saturated  witti 
some  non-combustible  maleriah  or  otherwise  rendered  safe  against 
fire." 

Acceptance  of  treatment  depends  on  tests  made  by  the  Bureau 
of  Buildings  on  the  materials  in  each  individtial  case. 

For  fabrics,  scenery  and  the  wood  frames  for  same,  there  must 
be  no  flame  or  glow  after  the  application,  for  fifteen  seconds^  of 
the  flame  of  an  ordinary  alcohol  lain[)  or  torch. 
For  paints,  the  following  regulations  arc  made: 

First.  —  The  term  fireproof  paint  shall  be  understood  to 
mean  any  preparation  used  to  cover  the  surfaces  of  wood  or  other 
materials  for  the  purpose  of  protecting  the  same  against  ignition. 

Second.  —  No  fireproof  paint  will  be  considered  satisfactory 
unless  it  so  protects  tne  wood  or  other  material  to  which  it  is 
applied  that  the  .^ame  will  not  flame  or  glow  after  Jiaving  been 
Hubjected  to  the  flame  of  a  gasolene  torch  for  two  minutes. 

Thu-d.  —  Before  applying  fu-eproof  paint  to  any  material  the 
surfaces  must  be  cleanea. 

Fourth.  —  Application  of  fireproof  paint  must  be  repeate<l 
whenever  it  is  found  that  the  material  to  wrhich  it  is  applied  is  no 
longer  pj-oteeted  to  fulfil  Spec ifl cation  No.  2. 

Application  by  hand  brush  is  preferable  to  the  use  of  a  spraying 
machine. 

A  systematic  effort  has  been  made  in  Paris  to  render  scenery 
less  flammable^  and,  both  in  the  National  Opera  House  and  in 
the  theatres  visited,  the  official  test  marks  (with  dates)  were 
obsen^able  on  aU  scenery,  stamped  in  plain  black  letters  on  the 
back.  The  numner  of  rendering  the  scenerv  less  flanunable  m 
left  to  the  theatre  owners,  whose  scenerv,  fiowever,  has  to  be 
inspectal  annually  to  the  satisfaction  of  the  authorities.  A  use- 
ful guide  has,  however,  been  issuetl  on  the  subject  by  the  Paris 
Municipal  Laboratory.  This  guide  contains  the  following 
reoommentlations : 

Wood  should  be  impregnated  thoroughly  to  render  it  non- 
inflammable,  and^  failing  (his,  should  be  coverwi  with  two  coats 
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of  solution  applied  at  intervals.  The  most  suitable  solution  for 
the  impregnation  is  the  following: 

Ammonium  phosphate  100  gr.,  boracic  acid  10  gr.,  water 
1000  gr.  The  following  formula  may  be  used  for  coating,  but 
gives  somewhat  inferior  results: 

Anmionium  sulphate  135  gr.,  borax  15  gr.,  boric  acid  5  gr., 
water  1000  gr.  When  the  applications  are  made  by  coating,  at 
least  two  coatings  are  necessary.* 

Fire-retarding  paints  are  generally  compounded  under  secret 
formulas,  comprising  the  use  of  some  chemical,  such  as  sodium 
salts,  gypsum  and  the  silicates,  to  form  a  non-inflammable  mineral 
coating,  combined  with  a  binder  such  as  casein  or  glue.  Frequent 
renewals  are  necessary  to  insure  eflBciency. 

Whitewash  so  well  meets  the  requirements  of  this  class  that 
we  print  formula  recommended  by  the  Lighthouse  Board  of  the 
United  States  Treasury  Department  as  follows: 

Slake  one-half  bushel  of  unslaked  Ume  with  boiling  water, 
keeping  it  covered  during  the  process ;  strain  it  and  add  a  peck 
of  salt  dissolved  in  warm  water;  three  pounds  of  ground  rice, 
put  in  boiUng  water  and  boil  to  a  thin  paste;  one-half  pound 
powdered  Spanish  whiting  and  a  pound  of  clear  glue  dissolved 
in  hot  water;  mix  these  well  together  and  let  the  mixture  stand 
for  several  days.  Keep  the  wash  thus  prepared  in  a  kettle  or 
portable  furnace  and  when  used  put  it  on  as  hot  as  possible  with 
painter's  or  whitewash  brushes,  f 

Fire-retarding  Soiutions.  —  The  great  value  of  being  able 
so  to  treat  textiles  by  means  of  simple  chemical  solutions  as  to 
render  them  non-inflammable  has  been  well  stated  by  Mr.  Ellis 
Marshland  in  his  introductory  note  to  Thfe  British  Fire  Prevention 
Committee's  ''Red  Book''  No.  129,  ''Fire  Tests  with  Textiles" 
(1908). 

A  large  number  of  lives  are  lost  annually  owing  to  the  rapidity 
with  which  light  textiles  catch  and  spread  flame. 

An  extraordirwiry  number  of  i)eople  also  meet  with  p>ersonal 
injury,  either  of  permanent  or  temporary  character  owing  to  the 
same  cause,  and  children  in  particular  are  sufferers,  especially 
the  children  of  the  poorer  classes. 

Any  effort  made  to  reduce  the  rapidity  of  spread  of  fire  in 
light  textiles  must  claim  careful  consideration,  and  equally  so, 
whether  the  means  proposed  of  lessening  the  risk  of  fire  com- 
prise the  use  of  proprietary  articles  or  the  use  of  [_chemicals'  avail- 
able to  all. 

*  See  "Fire  Prevention  in  Paris,"  Journal  of  tbe  British  Fire  Prevention 
Committee,  No.  VIII,  1912. 

t  See  "Approved  Devices  and  Materials,"  listed  by  the  Underwriters' 
Laboratories,  Incorporated. 
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Chemicals  have  Ions  beon  known  to  be  uwoful  in  obtaining 
non-flammabilily,  but  they  gonprally  prf3«ont  dilHculties  aa  to 
thpir  usPp  as  in  course  of  time  their  virtue  dimiuLshes  and  unlej5S 
thf  treatment  is  renewed  there  is  a  senile  of  false  security. 

Some  simple  chcmieaKs,  combined  in  a  form  which  €an  be 
easily  and  frequently  used,  are  the  .subject  of  this  report. 

The  chemicals  kre  cotnbined  in  .such  a  manner  that  after  the 
ordinary  proce.s8  of  washing  has  taken  place,  they  will  eitJicr  pro- 
duce non-flaram ability  unly^  or  where  tlu?  goods  require  atarching 
the  same  chemicals  will  produce  simultaneously  atiffness  as  well 
as  non-Hammability. 

As  to  the  tests  Ihe  report  speakB  for  itsiUf,  aufl  an  appendix 
has  been  added,  indicating  how  the  treatment  ftliould  be  applied. 
It  is  to  be  hoped  that  the  t&st8  undertaken  by  ttie  committee  may 
do  something  towanls  reminding  managei's  of  puljlic  in.stitution^, 
laundry  managers,  and  even  the  ordinary  houseliolder  that  there 
are  means  available  for  reducing  the  fire  hazard  in  washable 
textiles. 

To  the  above  enumeratetl  u,sea  for  non-inflammable  textiles, 
men! loo  shouM  be  added  of  their  value  in  theatrical  prodnetions, 
where  castumej*,  draperies,  textile  propertiej^^  and  even  Mght  i?cenic 
hangings,  etc.,  could  be  nimilarly  traated,  often  to  great  life-fsaving 
advantage. 

The  report  above  menUoned  com^jrised  some  72  tests  of  iextlles 
such  as  flannelette,  calico,  chintz,  <^hiffon,  lace  and  madras  cur- 
tains. The  testa  were  made  to  note  the  effects  of  flame  tipon 
textiles. 

(1)  untreated,  as  bought  in  open  inarket, 

(2)  untreateil,  after  wjLshing  in  an  ordinary  manner,  and 

(3)  after  b</ing  w:ished  and  then  Ireated  with  the  chemical 
solution  under  test,  known  as  ''Flameoflf." 

The  materials  us  delivered  from  the  manufacturers  burnt 
rapidly  in  all  li'sts. 

The  materials  as  washed  in  the  ordinary  way  burnt  rapidly 
in  aU  tests. 

The  materials  as  wawhwl  and  treat wl  wilh  *'Flameoff" 
charred  only  in  69  te«ts,  and  burnt  slightly  in  3  tests,  out-  of  a 
total  of  72  tests  conductetl  with  57  portions  of  materials.* 

The  makers  of  ^*Flameoff "  give  the  following  directions  for  use: 

Directions  for  Use  foe  PRonuciisra  NoN-mFLAMMABiLiTY  and 

Stiffnkrs. 

Pour  one  quart  of  boihng  water  quickly  over  the  contents  of 
a  box  of  ''Flaraeoff;"  stir  the  mixture  until  every  particle  is 
thoroughly  d  ia«ol  v<?d . 

*  Summary  ot  teata,  "  Red  Book'*  No.  129. 
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The  article  to  be  treated  with  "Flameoff  "  must  be  thoroughly 
dry. 

Soak  it  by  covering  it  well  with  the  hot  mixture,  place  a  lid 
over  it  and  leave  until  quite  cold. 

Wring  the  article  out  lightly;  hang  it  up  to  dry,  and  iron  in 
the  usual  way. 

The  iron  must  only  be  moderately  hot  to  prevent  scorching. 

Never  mix  more  "Flameoff'^  than  you  require  at  one  time. 

Directions  for  Use  for  Rendering  Articles  Non-inflam- 
mable Only. 

Suitable  for  Bed  Linen,  Pillow  Cases,  Sheets,  Blankets, 
Nightdresses,  Flannelette,  Table  Linen,  Lace  Work,  Blinds, 
Bed  Curtains,  Furniture  Covers,  etc. 

Pour  one  quart  of  hot  (not  boiling)  water  quickly  over  the 
contents  of  a  box  of  "Flameoff";  stir  the  mixture  until  every 
particle  is  thoroughly  dissolved. 

The  article  to  be  treated  with  "Flameoff"  must  be  thor- 
oughly dry. 

Soak  it  by  covering  it  well  with  the  hot  mixture,  place  a  lid 
over  and  leave  it  until  quite  cold. 

Rinse  the  article  well  in  the  mixture  and  wring  it  out  lightly; 
hang  it  up  to  dry,  and  iron  in  the  usual  way. 

The  iron  must  only  be  moderately  hot  to  prevent  scorching. 

Never  mix  more  "Flameoff"  than  you  require  at  one  time. 

The  above  mentioned  tests  proved  so  convincing  as  to  the  value 
of  such  treatment  for  textiles  under  certain  conditions  that  later 
experiments  (see  "/?cri  Book'^  No.  148,  1910)  were  undertaken 
by  the  British  Fire  Prevention  Committee,  to  secure  data  as  to 
rendering  textiles  permanently  inflammable,  and  to  secure  data 
as  to  some  simple  method  by  which  the  relative  fire-resistance  of 
such  treated  textiles  coull  be  determined.  In  this  second  series 
no  less  than  456  samples  of  flannel,  flannelette  and  union  {i.e., 
mixture  of  cotton  and  wool)  were  tested,  some  treated  and  some 
untreated.  From  these  tests  the  committee  decided  that  textiles 
intended  to  be  permanently  non-inflammable  can  only  obtain 
classification  as  "non-flaming"  when  fulfilling  the  conditions  of 
the  following  test: 

(a)  Three  treated  samples,  comprising  each  (about)  one 
square  yard  of  the  material  to  be  tested,  shall  be  washed  with 
soap  and  water  and  ironed  ten  times. 

(b)  The  samples  shall  be  ironed  once  (in  addition)  with  an 
ordinary  household  iron  within  three  hours,  but  not  less  than  one 
hour  before  the  test  and  shall  be  dry  to  the  touch  immediately 
before  testing. 

(c)  The  samples  Ihua  piepaied  shall  be  measured  exactly  and 
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thoir  fiTouR  shall  not  vary  more  than  10  per  cent,  above  or  below  a 
equare  yard. 

(d)  The  siiinplea  shalt  be  suspended  in  rotation  from  a 
wooden  lath,  vertically,  by  three  tacks^  dips  or  other  metal 
fastening!^. 

(e)  Fire  shall  be  appUed  at  the  center  of  the  bottom  edge 
from  a  taper  {-in.  diameter,  not  more  than  12  ins.  or  less  than 
G  ins.  long. 

(0  The  hghted  end  of  the  taper  shall  be  held  at  the  edge  for 
not  less  than  fifteen  seconds  or  more  than  thirty  seconds. 

(g)  1(  not  more  thun  5  per  cent,  of  the  area  aetiially  under  tesi 
burns  within  sixty  seconds,  when  taken  on  the  average  of  three 
samples,  the  material  shaH  be  classified  as  ''non-flaming/' 

Note.  —  Wiiere  the  treatment  is  not  intended  to  wit h.^ tan d 
washings,  but  requires  renewal  after  every  washing,  the  same 
test  should  be  applied,  but  no  washings  or  ironings  under  (a) 
would  be  required  J  and  the  ehissifieation  vs^ould  only  have  bearing 
upon  the  efficiency  of  the  individual  treatment  and  not  upon  its 
capacity  to  withstjuid  the  effects  of  wasliirigs. 


In  view  of  the  results  obtained,  certain  legislation  was  snggoated 
for  Great  Britain  to  the  effect  that  either  textiles  used  for  articles 
of  dreas,  or  reatly  made  clothing  composed  of  such  materiabi  be 
labelled  "burns  rapidly"  uidestj  passing  the  above  test,  or  "non- 
flaming"  if  passing  the  test. 

Not  only  arc  the  most  delicate  fabrics  wholly  unharmeLl  by  the 
'*  non-flame "  treatment,  but  tests  (see  Appendix,  '^Rid  Book'^ 
No.  148)  go  to  show  that  the  strength  of  treated  malHrials,  and 
hence  the  wearing  capacity,  arc  iucreaiitd  by  tionie  19  per  cent. 


CHAPTER  XXXIII. 
WATCHMEN,   WATCH-CLOCKS  AND  MANUALS. 

The  various  means  in  ordinary  use  for  the  protection  of  prem- 
ises against  fire  and  for  the  notification  of  the  fire  department  — 
all  involving  the  human  element  —  include: 

Watchman, 

Watchman  and  portable  watch-clock, 

Watchman  and  stationary  watch-clock, 

Watchman  and  central  station  supervision, 

Auxiliary  boxes,  and 

Manual  fire  alarm  system. 

Watchmen.  —  The  question  of  watchman  service,  whether  or 
not  accompanied  by  watch-clock  or  central  station  supervision, 
is  one  of  many  pros  and  cons. 

On  the  one  hand,  there  are  those  who,  perhaps  unduly,  em- 
phasize the  faults  of  watchmen  —  faults  not  only  of  omission, 
but  of  commission.  Not  only  must  it  be  frankly  admitted  that 
the  average  watchman,  through  sleeping,  neglecting  his  duties, 
or  even  spending  portions  of  his  time  away  from  the  premises  he 
is  supposed  to  guard,  often  fails  to  discover  a  fire  which  he  might 
reasonably  be  expected  to  discover,  but  it  is  equally  true  that 
watchmen  have  actually  caused  many  fires,  through  the  careless 
use  of  matches,  by  smoking,  or  by  opening  or  dropping  lanterns. 
A  recent  fire  in  Boston  involving  a  loss  of  about  a  million  dollars 
is  attributed  to  a  watchman's  carelessness. 

Again,  a  watchman  is  very  liable  to  do  the  wrong  thing  at  the 
critical  time,  either  from  excitement  or  lack  of  intelligence.  He 
often  undertakes  to  control  a  fire  which  has  secured  considerable 
headway  (as  in  the  case  of  the  Equitable  Building  fire),  when  his 
first  duty  should  be  the  sounding  of  an  alarm;  or  he  may  become 
panic  stricken  after  trying  to  extinguish  a  fire,  and  completely 
overlook  tlie  presence  of  a  fire  alarm  box  (as  was  the  case  in  the 
Boston  fire  above  mentioned).  Conversely,  a  watchman  could 
often  control  an  incipient  fire,  did  he  not  leave  the  spot  to  turn 
in  the  alarm  first. 
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Such  uncertainties  in  ttie  human  factor  must  always  be  reck- 
oned  with  in  thn  mat  tor  of  watchman  service^  but,  on  the  other 
hand^  there  is  no  question  that  watchmon  arc  often  efficient^  and 
tht*ir  emplo>Tnent  is  not  likely  to  be  whoHy  discont  inuetl  in  favor 
of  any  purely  automatic  device  which  has  so  far  been  evolved. 
Wa(chmen  arc  usuully  cmplijyed  quite  a,s  much  to  guard  against 
burglary  a«  to  i>rcvent  the  breaking  tml  or  spread  of  fire;  anrf, 
whatever  their  merits  or  demerits,  they  are  undoLib(edly  here 
to  stay  until  some  better  form  of  guarding  pmi)erty  is  devised. 
The  great  need,  therefore,  is  increased  vigilance,  efficiency,  and 
intelligence  on  the  part  of  livatchmen.  These  factors  depend 
upon  the  mun,  the  syfitom  under  which  he  Ls  .sui)(^r vised,  the 
general  condition  of  the  plant  or  build injaj  where  he  is  employefl, 
and  the  care  or  indifference  of  those  responsible  for  his  service. 

The  Man.  —  The  average  emi>loyer  seldom  realizes  the  full 
responsibility  and  the  trying  conditions  imposed  on  a  watchinaTi. 
For  at  least  a  half  of  each  day  the  entire  property  is  entrusted 
to  his  care.  To  fulfil  this  duty  properly  requires  an  able-bodied, 
mtelligent  and  conscientious  man,  and  not  some  aged  or  crippled 
pensioner,  however  worthy  of  charity  such  individuals  may  be. 

1  think  anyone  who  has  made  extensive  examinations  of 
jjroperties  will  agree  that  the  ov^Tier  of  a  million  dollar  plant  is 
sipt  to  go  off  on  his  yacht  to  Europe  or  eLsi'wherf%  and  leave  his 
f>roperty  in  the  hands  of  a  man  who  can  hardly  rcMi  or  write^  or 
perhaps  a  man  who  has  l>ecn  injured  in  his  factory^  and  who  will 
hardly  know  what  to  do  in  case  of  a  fire  or  an  accident.* 

The  employment  of  any  watchman  witli  physical  disability 
or  mediocre  intelligence  to  supervise  tlie  maintenance  and  opera- 
tion of  fire  protection  measures  is  plainly  a  failure  to  realijje  the 
great  importance  of  fire  protectioti  itnelf. 

The  National  Fire  Prol  cction  Association  hiis  suggested  tlint  a 
watchman  be  capable  of  fulfilling  the  following  requirements: 

First:  Should  be  thorfnighly  reliable  and  trustworthy,  able- 
bodied,  preferably  voung  —  say  between  21  and  50  —  eyesight, 
hearing  and  sense  of  smell  unimpaired,  and  above  all  things  must 
not  be  a  sinttker. 

Second:    Be  able  to  speak  flueutly   the   English   language. 

Third:  Hhoulil  have  sufficient  mechanical  knowledge  and  be 
|jerfectly  drilled  in  the  tis<?  of  the  onlinary  fire  appliances,  and, 
m  other  sprinklered  and  other  highly  improved  risKs,  shoulii  be 

*  ti,  R,  Walbridgo  at  tiluvcnth  Aiinud.1  Mwtiiig  of  Th(J  Natioiml  Firo  Pro- 
tchOtiQiL  Asfiociaiiciii. 
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able  to  fire  boilers,  start  fire  pumjjs,  and  be  familiar  with  control- 
ling valves  in  the  sprinkler  equipment.* 

Fire  Protection  and  Other  Duties.  —  There  is  also  a  tendency  to 
make  fire  protection  vigilance  one  of  several  duties.  Thus,  in 
addition  to  police  service,  watchmen  are  often  required  to  attend 
to  boilers,  clean  up  premises,  watch  drying  processes,  etc.  Such 
added  duties  often  involve  distinct  fire  hazards,  but,  if  not  dan- 
gerous and  if  not  so  numerous  as  to  interfere  with  his  recognized 
cares  as  a  watchman,  they  may  even  be  valuable  in  giving  him 
more  to  occupy  his  time  and  in  making  him  appreciate  his  re- 
sponsibility more  fully. 

Watch  service  at  best  is  lonely,  tedious  and  fatiguing,  and 
whereas  in  military  or  naval  regulations  the  tour  of  duty  is 
limited  to  a  few  hours,  in  business  practice  it  is  the  entire  night 
of  twelve  hours  or  more.  It  is  the  severest  test  of  a  man's  en- 
durance to  exercise  proper  care  and  vigilance  for  so  long  a  period, 
and  this  affords  some  explanation  of  the  many  instances  of  large 
fires  getting  under  headway  without  discovery  by  a  watchman.f 

During  a  discussion  on  watchman  service  before  the  1907 
Annual  meeting  of  the  National  Fire  Protection  Association, 
Mr.  F.  E.  Cabot  of  the  Boston  Board  of  Fire  Underwriters  re- 
ported that,  in  the  first  ten  days  of  central  station  sujjervision 
over  the  watchman  in  a  certain  risk,  when  the  watchman  would 
naturally  be  supposed  to  be  especially  vigilant,  he  was  found 
asleep  twelve  times;  while  in  another  case,  ten  men  had  to  be 
discharged  before  one  could  be  obtained  to  transmit  a  good 
record  of  rounds  to  the  central  station.  The  state  of  affairs 
which  existed  before  the  central  station  supervision  was  intro- 
duced may  be  imagined. 

Suggested  Requirements  for  Watch  Service.  —  The  fol- 
lowing requirements  as  to  watchman  service  have  been  suggested 
by  the  National  Fire  Protection  Association:}: 

FIRST:  That  a  watchman  should  report  for  duty  about 
one-half  hour  before  those  whose  responsibility  he  assumes  leave 
the  premises. 

SECOND:  That  the  first  inspection  be  begun  immediately 
after  operations  are  suspended,  and  to  be  carefully  and  diligently 
made,  and  to  include  all  parts  of  the  premises. 

*  Proceedings  of  Tenth  Annual  Meeting  of  National  Fire  Protection  Asso- 
ciation. 

f  Insurance  Engineering,  March,  1906. 
t  See  1906  Annual  Proceedviig,3,  pag,^  "IV^*  I 
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THIRD:  That  iiflfT  I  he  lirst  taiir  of  insiKH^lion,  one  trip, 
starting  on  the  bi^ginning  of  eucli  hour,  be  riifid€»  throughout  all 
manufacturing  sections  during  the  entire  niglii  until  the  arrival 
in  the  morning  of  such  jx^rfions  as  shall  relieve  him  of  hia  re?«i)onai- 
bility. 

fOURTH:  That  after  the  Urist  trip,  warehouses,  stock 
houses^  and  other  non-manufafitiiring  locked  buildings  may  be 
visited  at  intervals  of  not  exceeding  two  hour.^,  and  where  the 
w^hole  interior  can  be  seen  from  outside  need  not  be  entered. 

FIFTH:  That  during  the  daytime  of  Sundays  and  holidays, 
or  when  the  |jlant  m  nt>t.  in  operation  during  the  day  time,  tnpa 
may  be  made  at  intervals  of  two  hours. 

SIXTH:  That  the  traversing  of  each  floor  once  each  round 
is  8uffieient. 

SEVENl'H:  That  so  far  as  possible  the  opening  of  fn'e  doors 
belween  sections  be  avoiiiiHl,  unless  dtKirs  are  automatic  and  so 
maintained  by  the  watclmian  if  o|»encd  hy  him. 

EIGHTH:  That  a  watchman  shoultl  have  an  interval  of  rest 
of  from  fifteen  to  twenty  minutes  between  trips, 

NINTH:  That  where  the  premises  to  be  covered  are  of  sucli 
area  as  to  consume  an  hour  or  infire  for  one  trif),  two  watchmen 
should  be  emplo^^ed,  either  dividing  the  area  or  making  trii>s 
alternately. 

TENTH:  That  the  first  action  expectf^  of  a  watchman 
after  discovering  a  fire  is  to  give  an  alarm,  after  which  he  shall  bo 
expected  to  use  fire  apt>liances. 

1 1  is  assumed  that  such  a  service  as  is  abtjve  out  lined  would 
include  the  use  of  a  standard  signaling  system  by  the  watchman. 

Methods  of  Super?lsIoii.  —  To  promote  the  efficiency^  of 
watchman  ser\'ice^  systems  of  supervision  have,  been  devised 
through  the  use  of  watch-clocks  or  through  connection  to  a 
central  station,  whereby  the  w^atchman  is  ref|iiircd,  at  certain 
intervals,  to  visit  des^ignated  stations  and  to  there  record  the 
time  of  his  visits.  These  records  may  be  made  on  a  portable 
watch-clock,  on  a  stationary  watch-clock,  or  time  tletector,  or  to 
a  central  station. 

Portable  Watch- cloeks.  —  A  port  able  watcb-clook^  carried 
by  the  watchman  on  his  rounds,  is  tlie  simplest  form  of  a  time 
recorder.  In  size  and  appearance  it  usually  resembles  an  alarnn 
clock  within  a  leather  ease,  being  carried  by  a  strap  over  the 
shonld(»r.  The  record  is  made  on  a  pnper  dial  within  the  clock, 
by  inserting  a  key,  the  turning  of  which  punctures  or  embosses 
the  dial  with  the  mmibers  or  designations  of  the  several  boxes 
located  at  the  places  to  be  visited  on  the  round.  The  revolution 
of  the  dial,  which  is  graduate<l  to  hours  ani]  minntes,  is  controlled 
by  the  clock  movement.     The  exact  time  at  which  each  key  ia 
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user]  is  thus  recorded,  .so  that  (he  dial  givps  a  compli'to  ilitigram- 
matic  record  of  the  wat^hman^s  regularity  or  negligence. 

Clock.  —  An  approved  form  of 
portable  watch- i-Ioek,  manufactured 
by  the  Newman  Cloek  Company, 
is  shown  in  Fig*  382*  The  clock-  j 
face  dial  of  silvered  metal,  with 
black  hunds,  is  visible  to  the  watch- 
man in  determining  tlie  time  for 
t^larlitig  and  the  time  to  be  con- 
sumed in  making  rounds.  The 
case  IB  equipped  i^ith  a  pricking 
device  which  registers  upon  the 
paper  <iial  every  opening  and 
closing  of  the  clock  and  the  exact 
time  thereof.  The  face  is  covered 
with  a  grille  guard  to  protect  the 
crystal. 

Stations.  ^  At  approved  stat  ions 
throughout  the  premises  to  he 
eovered,  —  that  is,  at  stations  lo- 
cated so  that  the  inspection  of  every 
part  of  the  building  or  buildinga 
is  included,  as  determined  l>y  the 
Underwriters'  Inspection  Department  having  jurisdictionj  —  are 
located  '* station  boxes"  or  *' patrol  boxes/'  as  illustrated 
in  Fig.  383.  These  are  attached  to  walk;,  columns,  or  other 
suitable  immovable  sup|>orta  by  means  of  sealed  screws,  so  that 
the  removal  of  any  box  would  necessitate  the  breaking  of  two 
weak?.  To  prevent  the  keys  from  being  detached  and  carried  to 
some  convenient  place  where  the  watchman  could  operate  them 
without  making  his  roumLs,  flexible  but  non-re paii'able  chaii^ 
are  used  to  secure  the  keys  in  the  boxes. 

For  locations  where  it  is  desirable  to  seizure  the  keys  against 
theft,  cast-iron  patrol  boxes  tnay  be  used  in  which  the  station 
keys  are  locked.  All  rucIi  boxes  may  be  oijened  with  one  master 
key. 

The  clocks  are  made  of  G,  9,  12,  16,  24  and  35  stations  capacity, 
Rounds  of  9,  12  or  16  stations  are  most  usuaL  For  hourly 
rounds,  24  stations  should  be  a  maximum,  as^  allowing  t  wo  min- 
I  per  station,  these  would  rei[uire  4S  minutes  to  register. 


FiQ.  382.  — "Newman"  Portable 
l^atdimaii'a  Clock. 
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Keys.  —  In  the  type  here 
described,  each  key  hsia  a 
diffor^'iit  riiiswl  ii umber  or 
chm"aeter  upon  the  right- 
angl<5  flange,  which,  when 
the  key  is  inserted  and 
turned  in  the  close  fitting 
key-hole  of  t  he  elock  presisea 
the  paper  dial  against  a 
female  die  or  matrix,  thua 
embossing  the  key  number 
or  eharacter  upon  the  re- 
cording dial.  The  rerolii- 
tion  of  the  dial  by  Qic  clock 
movement  shows  the  exact 
time    of    each    impressionp 

A  nine-station  dial  is  shown  in  Fig.  3cS4.     This  record  shows  that 
nine  stations  were  regularly  visited  from  6.30  P.M*  to  tj.30  A.IVL, 


Fio.  383.  —  Palrol  Kpy  Box 
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Fio»  384.  —  Diu]  Record  of  Portable  Watohmaii'a  Clock. 

except  that  two  rounds  at  12. 30  and   L30  respectively  were 
altogether  omitted  by  the  watchman, 

The  advantages  of  a  pur  table  clock  include  cheapness  and 
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Bimplif'ity  of  ojx^ration  an<i  riiainleiiaoi^c.  Disadvantiigos  inclmle 
liiibilily  to  breakage  and  i^ettin^  out  of  order.  As  the  cost  of 
even  the  best  clock  is  not  great,  the  possibility  of  a  discontinu- 
ance of  the  service  through  N'ing  out  of  order  is  obviated  by 
always  keeping  a  second  or  reserve  clock  in  hand. 


I 


Fro.   385. 


'Simplex"   Watchman'ii   Recorder. 


stationary  Watch-el ocks,  or  Magaeto  Recorders.  —  A 

de^-^elopment  of  the  portable  watch-clock  is  the  .stationary  mag- 
neto recorder,  which,  in  general  appearance,  resembles  an  ordinary 
office  clock.  This  recorder,  placed  in  the  othce  or  at  some  central 
point  of  phuit  or  building,  —  preferably  where  not  under  obser- 
vation of  watchman »  so  that,  if  out  of  order,  the  fact  is  not  neces- 
sarily known, — h  similar  to  the  portable  watch-clock  in  that 
a  clock  mechanism  and  a  revulviiiK  paper  dial  are  usetl;  but  the 
dial  record,  iiisteati  of  ht'ing  embossed  by  a  key,  is  made  eleo- 


1 

1 

t 

8 

h 
r 

d 

1 
i 

d 
t 
c 
r 
a 

B 
V 
t 

1 

1 

ri( 
ta 

Qd 

ec 

J 

tri 

a1 

rh 

Lir 

0 

ai 
ec 
nt 

vh 
1  ^ 

1 

'a 
ti< 
u< 
or 

ca 

•i 
\ 

ia 
1 

CB 

isf 
or 
1 

el 
ic 
US 

1 

ih 
a} 
1 

cc 

lU 

ih 

Lci 
(it 

fo 

!  t 

1  \ 

1 

^ 

0 

i  1 

ni 
d 

8 
m 
m 

i 
I 
a 

re 
vvl 
re 

0 

f 

hi 

n 

m 
fo 
er 
al 

m 

ta 
be 
^11 

St 

fl 

in 

[iii 
vt 
it 

t 

1 

r 

3a 
c 
r 

IT 

pi 

n 

JO 

al 
o\ 
as 
I 
± 

s 

*,' 

1 

tr 
le< 
tl 

wl 
d 

o 

n 
io 

he 

is 

^et 

m 

h 

ol 

2t 

10 

IV 
ii( 
a 

Ln 
f 
1] 
n 
of 
el 
I 

i  1 
3   I 
IP 

1 

tl 
b 

ric 

V 

la 

] 

y 

ai 
le 
b. 
c 

in 

\T 

m 
ei 

1 
le 

OS 

t 
ar 

RE 

r 

re 
■m 
rn 
>x 
le 
bh 
in 
a[ 
d( 
at 

r 

1 

es 
u 
in 
le 
ei 
ac 
ig 
qu 
al 

ct 
e 
( 
>P 

1 

Vi 

ot 

rrf 
u? 
to 

tl 
m 
lir 

Q 

- 
1 
fii 
at 
of 
et 
tl 
'e 

1 

1 

ioi 

Lh 

^ 

Iv 

y 

!t( 

ed 
re 
on 

rh 

lit 
tr 
t 

t  p 
le 
pi 

,  1 

1 

T( 

a 
e  i 
t  1 
^o: 
•€< 
es 
as 
J 

n 
1 

e 

y 

ac 

le 
Iff 

V. 

1 

of 

»p 

«e 
3r 
t 
u 
rf" 
11] 
p\ 
n 

O] 

ti 
ti 

1 
>u 
lo 
iti 

h  1 

1 

r-( 

s 

er 
dc 
s. 
de 

a* 

ml 
er 
laj 

ir< 
on 
>ri 
ni 
ck 
or 

1 

1 

mal 
atio 
•hg 

ra  a 

a 
d  ir 
rde 
3er( 

s    1\ 

a:riet 

rati 

jurI 

of 

I  a 

UK 

1  by 

1 

mu 
n  of 
ivefi 

re  u 
drui 

po 
r  is 
jf  in 
hid 

an 
3n  i 
1  th 
will 
jin 

>veii 
gra 

-f 
•  } 

1 

\\ 
d 

SI 

n 

rt 

i 

af 

d 

3f 

e 
c4 
th 

V 

le 

iv 

1 

Al 

-h 
is 

la 
o 
lb 
lit 
ni 
h[ 
I 

a 
et 

ro 
ed 
nl 
it3 

1 

lo 

if 

til 

(!> 
r 
le 

IB 

et 
vv 

n 
lil 
:>p 
"1 

1 

1 

> 

Id 

'  t 

CJ 

c 
,rf 
s, 
e 
er 
la 

o 
er 
i:h 
lai 

1 

1 

M 

ei 
b^ 

th 

ni 

li 

0 

it 
w 

P 

I 

f 

at 

1 

-d 

n 

1 

Al 
lei 
'e 
id 

IKJ 
tl 

rif 
w 
}e 

W] 

ej3 

iif 
-ri 
e 

1- 

1 

,h 
n 

e 

lej 
s. 

] 
1  a 
k 
in 
to 
rt 

t 

*  1 

jl: 
le 

1 

to 
^e< 
wi 

T 

n 

L  f 

'P 

K 
a 
J' 
la 
la 
b( 
vc 

L 

1 

rs 

VI 

ir 
tt 

0 

I 

or 
n 
c 

ta 
in 
)  1 
pt 
.^r 
ir 

1 

s 
ttt 

r 

^if 
re 

on 
ti 

JU 

e\ 
*r 

c 
tl 

k' 

1 

1F< 

til 

ii 

c 
w 

hi 

Of 

m 
nc 
'ei 
re 
vh 
le 

1 

m 
1 

y 
tl 

3 

0 

^^ 
?c 
I 
1 

-1 
et 
n 
n 

1 

a 

an 
th 

tin 

I 

^d 

te 

JO 

th 
3a 
)r 
Je 
re 

a 

! 

e 

- 
a 

. 

i 
i 

X 

e 

r 
1 
r 

■ 

•_ 

. 

• 

' ' 

1 

« 
* 
• 

• 
> 

i 

* 

1 

u 

» 

• 
« 

• 

• 

* 

m 

1. 
1 

m  ' 

a 
• 

• 

■ 
• 

m 

a 

4 

a 

1 

a 

■J 

. 

1 

r 

r 

B 

B 

1 

F 

Di 
rnor 
eprc 
tatit 
epar 

■ 

ri?  h 
d  b1 

in  t 

■ 

t8C 

t 
In 

1 

St 

3( 
in 
a 

1 

ap 
Lie  a 

■ 

rpicd 

-In  1 
re  p.  tan 
nute 
pears 
the  i 

■h 

d] 
a 

1 

1   1 

cord  S 

is  par 
ilar  a 
vision 
s  a.  \ 
1  of  tl 

tit 

nt 

s 

oi 

le 

1 

^u!a 
cr 
of 
"izoi 
reet 

■ 

dn 

r 

as 
ti 
It 

iV 

1 

ty 

rn 
al 

i 

1 

et 
pe 

'U 

e. 

1 

5h 

1 

o 

t 
lei 

n 
ee 

1 

TV 

>f 
J. 
T 

t 

1 

at 
re 

he 
of 

1 

C( 

T 
1 

1 

nriB 

yn 
le 
re( 
ae 
si 

1 

n 
ie 

rf 

1 

R 

itl 

Dr 
w. 

1 

tl 
-tl 

af 

3 1 

1 

art 
le 

CD 

Fo 
io 
ht 

1 

lei 

F 
d 
r 

ns 
i  c 

1 

a| 
111 

GE 
Xi 

1 

36 

le 

LCI 

xc 

1 

r 

9 

1 

t 

1 

J 

952       Fif 


gNTION  Ais 


time  at  which  thp  door  of  the  recorrler  is  opened  or  closed, 
is  thuK  iuipo*8ible  for  the  watehman  or  any  otiior  person  lo  npt 
tho  case  and  tamper  with  tlie  record. 

A  portion  of  ti  typinal  rt^cord  shm*i  is  illustrated  in  Fig.  ; 
This  covers  a  15-i^tation  route  every  hour  from  6  P»M.  to  5,1 
A.M,,  \\nth  all  hour's  rest  after  llie  midoight  round.     The  reci 
shovvB  that,  the  watehinan  failed  to  register  from  box  No.  7  on  I 
12  o'clock  trip.     The  door  record  also  shows  that  the  recon 
was  opened  to  put  on  or  to  remove  the  reeurd  sheet  at  7.30  A.3i 
and  at  8dO  AM,,  and  at  no  other  time. 

Other   tyix\s  of   recorders,   .such    fus   the   Holtzer-Cabot,  tlj 
Howard,  etc.,  employ  circular  recording  dials. 

Stations.  —  The  statiun  boxes,  whether  with  wood  cases, 
Willi  pressed-steel  case  as  shown  in  Fig,  387,  each  contain  a  amull 


1;^' 


Fro.  387.  —  Proased  Ste?d  Station  Box 
for  Uso  with  Mugneto  Recorder. 


Fia.    ass. 


Cmiik 
Key 


•  Mechanism    of    Ma, 
Generator* 


magneto  generator  of  the  type  commonly  used  in  telephone 
This  magneto,  shoftii  in  Fig.  388,  is  an  electro-tnechanical  devic 
f<jr  producing  an  electric  current.  It  is  o|)erated  by  a  crank  kejj 
which  fits  all  stations,  and  which  iB  carried  by  the  watchma 
who  gives  one  or  two  turns,  thus  sending  a  current  through  th 
connecting  wiring  to  the  proper  magnet  In  the  recorder.  Kad 
station  box  is  connecteil  to  the  recorder  by  a  separate  wire,  wh 
a  common  return  wire  conned s  all  stations. 

Ma^eto  rt!Corders  are  made  to  accommodate  as  many 
fifty  station  boxes,  or  even  sixty,  but  fifteen  or  twenty  station 
or  less  are  most  commoaly  used* 


WATCHMEN,  WATCH-CLOCKS  AND   MANUALS       953 


As  romparcd  with  portiible  watch-flocks,  stationary  watch- 
man's clucks  are  generally  Iphs  liable  to  breakage,  because  sta- 
tionary, —  ami  less  liable  to  become  out  of  order,  because  larger 
and  hence  generally  belter  made.  Disadvantages  of  stationary 
clocks  include  the  expense  of  installation,  and  the  liability  of 
wiring,  magnet ots,  etc,  to  get  out  of  order. 

Central  Station  Night  Watch  and  FJre  Alarm  System.  — 
A  watf^hnian's  clork,  whether  portable  or  t!ital ionary,  will  give 
the  emjjloyer  a  morning  reecird  of  the  faithfulness  or  faithlessness 
of  his  watchman  duritig  the  preceding  night,  bui  in  case  of 
neglect  of  duty,  no  corr<?ction  can  be  njsule  until  the  following 
clay  —  then,  perchance,  too  late.  If  the  negligence  of  the  watch- 
man re^iuHfl  in  the  destruction  of  the  plant  by  fire,  the  clock  and 
the  tell-tale  dial  are  atso  destroyed. 

To  remedy  this  pi>>Ksibility,  and  al^so  to  exercise  immediate 
Bupervision  over  the  watchman  at  all  houris^  the  central  station 
system  was  devised.  This  service  is  conducted  by  means  of 
electrical  apparatus  which  receives  and  records  signals  which  are 
transmitted  from  the  watchmen  in  risks  so  equipped. 

Liicntion  of  Wfikh  Boxen,  —  Watch  boxers  must  be  located  aa 
required  by  the  Inspection  Department  having  jurisiliction.  In 
general,  the  locations  should  be  such  that  the  watchman,  on  his 
rounds,  will  cover  the  entire  building  tjr  plant.  Not  more  than 
200  feet  should  have  to  be  traversed  in  order  to  reach  a  box. 

^  Where  buildings  are  more  than  one  story  in  height,  boxes 
must  be  located  on  the  first  story,  and  at  least  one  in  alternate 
stories:  i.€.^  3rd,  5th,  7th,  etc*  Where  buihiings  have  a  single 
floor  area  f)f  7500  square  fet't  or  ovei",  there  shall  be  at  least  one 
box  on  each  floor* 

Where  any  plant  or  huikhng  is  divided  into  sections,  boxea 
must  be  located  in  each  section  to  agree  with  the  above,  no  ac- 
count to  be  taken  of  boxes  in  any  other  section.* 

Not  more  than  forty  boxes  may  be  connected,  nor  more  thaa 
five  watchmen  may  report  on  any  one  circuit. 

Type  of  Walck  Boxm,  —  Watch  boxes  must  be  of  an  approved 
pattern,  and  be  so  arranged  that  watch  signals  —  or  the  usual 
O.K.  signals  of  ttie  watchman's  rounds  —  shall  be  distinct  from 
tire  signals.  Tiie  system  must  be  so  arranged  that  the  inter- 
ferctice  of  watch  and  fire  signals  will  be  impossible  under  any 
conditions  fikely  to  be  met  with  in  practice^  and  also  so  arranged 

*  Hutea  and  He<iuiremeQtB  of  Natlon&l  Botard  of  Fin  Uuderwritera. 
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as  to  regifttcr  tlis^Hiirliv^p  ''trouble"  si^aLs  when  any  part  of  tlie 
system  is  Kroumled,  broken^  or  so  impaired  as   to  prevont 
transmission  of  fire  signab. 

Central  station  .s«iien^ii*ian  pro^Mdcs  two  very  important  fa< 
of  service,  tiz.^  watch  service  anil  fii'e  alarm  service^ 

Watch  Service  comprises  the  central  station  sui>cr\'ision  of 
watchman.     This  insures  constant  vigilance  on  the  part  of  the 
watchman  or  watchmen  employed,  and  provides  for  a  sub!?ril 
in  case  a  watelmian  is  at  any  time  temporarily  incapacitated! 

Vigilance  is  enforced  by  means  of  the  perfect  cheek  which  is 
kept  on  the  watchman's  rounds,  a*?  refK»rte<l  from  the  wal 
boxp*?,  which  electrically  reKi^^ter  at  the  central  station 
operated  by  the  watchman.  The  time  of  each  signal  on 
rounds  is  accurately  noted,  and  any  serious  irregularity  on  the 
part  of  the  watchman  m  at  once  investigated  by  a  "rv 
despatcheil  from  the  central  office.  In  some  cases  the  empl< 
iK  alyo  notified  as  soon  as  any  delinquency  occurs,  but  in  all  ca'W^ 
the  employer  receives  each  morning  a  wTit  ten  record  of  his  watch- 
man'.H  attention  to  duty  duriiiyf  the  jjrcceding  night. 

To  send  a  watt-h  signal  it  is  necessary  for  the  watchman  simply 
to  iasert  a  key  in  the  watch  box,  tunung  it  to  the  left,  but  with* 
out  ofioning  the  door.  A  short  signal  giving  one  round  of  the 
box  number  is  thereby  transmitted  to  the  central  station,  where 
it  is  automatically  recorded  by  an  ink  register.  The  signal 
checker  then  itnnicrliately  enters  a  record  of  the  signal  on  the 
tally  sliect  in  a  space  corresponding  to  the  location  of  the  signsil 
box,  and  the  time  at  which  the  signal  is  due.  These  ttdly  sheets 
are  provided  for  each  subscriber,  and  are  arranged  to  show  in 
vertical  and  horizontal  columns  the  locations  of  the  watch  boxes 
and  the  time  at  which  signals  are  received  from  each  box,  also 
the  routine,  vvhel  her  hourly  or  otherwise,  which  each  watchman 
m  expoctctl  to  follow,  and  the  number  of  minutes  grace  to  be 
allowed  the  watchman  before  a  runner  is  eent  to  investigate. 

Fire  Alarm  Serilee-  —  A  second  service  of  great  value 
formed  by  central  station  supervision  is  that  of  fire  alarm  t 
mission,  whereby  eilher  the  watchman  at  night,  or  other  per 
during  the  day,  may  id  once  transmit  alaniis  of  tire  to  tlie  c*(*n 
station  for  re-transmissiun  to  the  fire  dc*t>Hrtrnent  heafhjuart^ 
without  the  delay  of  going  to  a  street  alarm  box* 

To  send  in  an  alarm  of  fire,  the  ordinary  m?thi  1  Ls  to  break] 
a  small  square  of  glass  in  the  box  cover,  thereby  releasing 
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oor  and  displaying  the  instruct  ions  "For  Firr,  Full  the  Lever 
all  the  Way  Down,"  By  pulling  the  lever  down  once  and  re- 
leasing  it,  a  fire  .signal  is  rerjcat^-d  seven  tLmos  at  the  central  office 
register,  Ajs  the  time  required  to  complete  the  full  fire  signal  is 
fifteen  or  twenty  times  as  long  as  that  required  for  a  watch  signal, 
there  is  little  probability  of  a  series  of  separate  watch  signals 
interfering  with  all  rounds  of  a  fire  aliirm  call,  A  single  round 
of  the  fire  signal,  taking  usually  about  six  seconds  fur  completion j 
is  sufficient  to  indicate  with  aeenracy  the  location  of  the  fire. 
The  fire  gtignal,  which  is  automatically  recorded  at  the  central 
fit^ation^  is  distinguished  from  the  ordinary  watch  signal  by  being 
preceded  on  each  of  the  seven  rounds  by  the  Morse  symbol  F 
(-  —  -),  signifying  fire.  The  box  mechanism  .nhfjuld  contain  a 
device  to  prevent  more  than  one  box  in  any  building  from  send- 
ing in  an  alarm  of  lire  at  one  and  the  same  time,  thus  providing 
Sgaiii.st  t  he  interference  of  signals. 

Upon  receiving  a  fire  alarm  at  the  central  station,  —  the  noti- 
fieation  being  l>f>lh  by  sounil  and  as  recorded  on  the  tape,  —  the 
building  number  m  at  once  re-transmit  led  to  the  fire  department 
and  to  the  insurance  patrol,  where  the  numl>er  is  received  on 
special  '* tappers,"  thus  indicating  to  the  department  and  insur- 
ance patrol  the  exact  building  from  which  the  alarm  was  turned 
in.  The  floor  number  Ls  not  trans mittetl,  on  the  assumption 
that  the  watchman  will  notify  the  department,  upon  its  arrival, 
as  to  the  exact  location  of  the  fire. 

Manual  Ffre  Alarm  Systems*  —  Wherever  a  public  fire 
alarm  system  exists,  a  manual  system  may  be  installed.  This 
consist.s  of  any  number  of  stations  or  boxes  within  a  building, 
from  widch  an  alarm  of  fire  may  be  sent  to  fire  department 
headtiuarters.* 

''Special  Building  Sigrml^J^ — As  first  installed  in  New  York 
City,  manual  fire  alarm  systems  were  known  as  '* special  building 
Bignak"  for  the  reason  that  the  service  consisted  of  special  wires, 
running  dirtnst  from  each  building  bo  equipped  to  fire  department 
headquarters,  where  the  alarms  consisted  of  special  numbers 
designating  individual  buildings,  thus  giving  rise  to  the  term 
'* special  building  signa!/' 

Auxiliari/  Boxeti,  —  Partly  llirougli  competition  on  tiie  part 

♦  Conneotiona  to  mdividual  entrine  liou§ee»  etc.,  aro  not  approved,  for  the 
roason  that  the  company  may  ho  absctit  oa  anuthtjr  cull  wbuD  iiu  alarm  is 
received. 
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of  firo  alarm  companies?,  and  partly  tlirouj^h  tlio  greiit  increasi' 
in  (he  nuiiihor  of  Bprcbl  wirc^s  und  signals  required  to  serv^e  many 
bnildingi?,  jKn-niiiwion  was  given  thf^  fire  aUirrn  companies  operut- 
inj?  in  New  York  City  to  connect  manual  boxes  in  huilding3  to 
the  nearest  street  fire  alarm  box.  In  this  system  the  niecihaniflin 
of  the  nearest  public  stret^t  box  was  "auxiliarized'^  by  means  o< 
clectr(Hniec!ifmk!il  pull  bi>xcs  or  mannalH,  so  thnt  the  street  box 
wa»  operated  simultaneously  with  the  pulling  dmvn  of  the  ring 
in  any  of  the  bulMing  auxiliary  boxes  connented  therewilli. 
This  attachment  of  aiLxihary  circuits  to  hilreet  boxes  in  no  wise 
impaired  or  prevented  the  oix*ratioii  of  the  latter  from  the  street 
in  the  usual  rnanueft  but  the  practJee  of  permitting  auxiliarj^ 
boxes  him  been  o|>en  to  the  objection  that  the  fiystx?m  was  under 
no  continuous  responsible  care^  and  also  that  only  one  alarm 
could  be  sent  in  from  any  one  circuit  until  restored. 

In  1902  the  Fire  Commissioner  of  New  York  City  refused  1 
tdlow  any  more  special  building  oonnoctions  with  city  fire  alarB 
boxes,  an<l,  for  the  moment,  it  looked  as  if  no  more  auxiliar^ 
alarms  could  be  introducf^l  except  upon  entirely  LDdependenl 
wires.     Then  the  New  York  Board  decided  to  approve  manifil 
alarms  connected  with  wires  of  automatic  systems  and,  as 
riisult,  the  approval  of  the  Boarfl  having  been  given^  this  E% 
change  was  called  upon  to  make  allowances  for  such  manuali 
which  was  done.     Thus,  from  allowing  for  a  special  buildin, 
signal  transmitted  over  separate  iii\d  independent  wir<?s  direcs 
to  fire  departm(»nt  heiidcjuartcTs,  we  finally  came  to  allowing  f<* 
manual  boxes  transmitting  signals  over  wires  used  also  for  auto 
matic  (thermostat)  alarms,  and  connecting  not  wkh  tire  depart-^ 
ment  headquarters,  hut  with  the  central  office  of  th<»  automatiq 
alarm  (Company,  whence  the  alarm  is  mni  to  headquarters.* 

In  1904  the  fire  alarm  companies  operating  in  New  York  we 
again  given  permission  to  auxiliarize  street  boxesi,  but,  owing  lo 
the  previously  stated  objections  I  o  this  practice,  auxiliary  boxe 
are  not  now  approved  by  Underwriters. 

Manual  Boxes.  ^  The  new  Rules  and  Requirements  of 
National  Board  of  Fire  IJnderwTiters  concerning  '* Signaling  Sys^ 
terni^"  require  that  manual  boxes  be  operates  I  through  centra 
iitatiohs  only.  This  is  in  order  that  such  manual  systems  ma^ 
always  be  under  continuous  reBponsihk^  care,  sf>  that  troubk 
signals,  us  well  as  fire  alarm  signals,  may  be  defecated  at  onoi 
Hence  manual  boxes,  to  be  approved,  must  be  installed  in  con 
nection  \sith  automatic  fire  alarm  (or  thermostatic)  service, 
*  Circular  of  New  \oTk  ¥\re  InavytuJiGa  ExchaQge,  date  Junfi  2g,  1907. 
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in  coHBection  with  automatic  eprinkler  supen'^isory  service,  both 
reKiatering  at  cotitral  station  as  de8(Tibod  in  Chapter  XXXI, — 
in  connection  with  watchman  central  station  8U|>erviaion  (or 
without  the  presence  of  watchman,  if  desired)  as  previotisly 
described  in  this  chapter, — ^or^  w^here  no  central  station  com- 
pany' exists,  by  means  of  special  indeijendent  wires  to  iiie  pubhc 
fire  alarm  headqtuirters.  The  locationa  of  such  manual  boxes 
must  conform  to  the  requircsnienta  previously  given  in  this  chap- 
ter for  walch  boxejrs  wiili  central  station  conne^ction. 

Where  watchman  service  is  used^  the  central  station  transmits 
to  the  fire  depiirtment  a  special  number  indicating  the  building 
only.  Where  watchman  service  is  not  in  force,  aa  is  frequently 
the  case  in  connection  with  automatic  fire  alarm  service  and 
sprinkler  superviRory  service,  the  building  number  is  followed  by 
a  second  floor  or  section  number. 

Combination  Drill  and  A  miliar}'  Boxes.  —  The  combina- 
tion drill  and  auxihary  fire  alarm  boxes  used  in  the  Boston  public 
school  buildings  have  previously  been  described  in  Chapter 
XXfll  (sets  page  752),  Similar  boxes  are  made  by  the  Game- 
well  Fire  Alarm  Telegraph  Co.  Such  a  system  is  invaluable 
in  public  institution  buildings,  factories,  etc*,  especially  where 
large  numbers  of  people  are  housed,  thus  making  the  saving  of 
lives  of  paramount  importance. 

Allowances,  covering  watchmen^  watch-eloeks  and  manutd 
niannii,  as  uised  by  the  Boston  Board  of  Fire  Underwril  ens  and  by 
the  New  York  Fire  Insurance  ExchangCi  are  as  follows: 


Watchman  and  approved  watch- 
clock 

Watchman,  watch-clock  and 
manuals 

Watchman  with  central  station 
supervision  and  manuals. ...... 

Watchmaa  and  automatic  lire 
alarm ....*,. 

Watchman,  central  station  au- ) 
pervision,  and  automatic  fire  f 
alarm, ) 

Special  building  signal  (manual), 


Hofltoii  Board 

tj(  Fire  Vq- 
dorwritors. 


75  percent. 
10  percent. 
124  percent. 
12|  per  cent. 

15  percent. 


N-Y.  Fife  Insuiv 
onco  Exchange. 


2]   per  cent,  not 

exceeding  .025 
7 J   per  cent,  not 

exceeding  .075 
7^  per  cent,  not 

exceeding  ,075 
12|  per  cent,  not 

exceeding  .125 

17|  f>er  cent,  not 
exceeding  .175 

24  per  cent. 
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lAmiM  Watch,  —  There  are  aome  rialcB,  as  for  instanoe  sUmige 
stores,  where  it  is  undesirablei  or  impo8Bible»  for  watchmen  to  go 
through  the  buildings.  Such  omissions  of  watch  service  must 
only  be  by  agreement  with  the  Underwrit^ns,  but  for  such  cases 
the  Boston  Board  usually  makes  allowances  as  follows: 

Watchman  and  Watch-clock 5  per  cent. 

Watchman  with  Central  Station  Supervision 7  J  "      " 

Watchman  and  Manual  Alarm 7i  ''      " 

In  buildings  occupied  by  retail  stores  on  ground  floor,  or  ground 
floor  and  basement,  —  where  it  would  be  impossible  or  unde- 
sirable to  employ  watchmen,  —  and  by  offices,  etc.,  on  upper 
floors,  an  allowance  of  7i  per  cent,  is  made  by  the  Boston  Board 
for  watchman  service  on  the  upper  floors,  provided  automatb 
fire  alarm  service  is  maintained  in  the  store  premises. 

Note.  —  In  the  above  allowances,  watchman  service  must 
guarantee  night,  Sunday  and  holiday  watching. 
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STANDPIPES,  HOSE  BACKS  AND  ROOF  NOZZLES. 


Essentlais  for  Efficient  Stanilpipe  S<*rvlce-  —  The  f)t>s?ible 
great  value  of  adequate  .stand pipe  installation  and  maiiilentince, 
especially  in  buildings  of  considerable  height,  is  seldom  fully 
apprcciateii  by  architect  or  owTier.  The  provision  of  such  pro- 
tection is  too  often  perfunctory  to  cover  some  requirement  in  the 
local  building  laws  or  some  regulations  of  the  fire  doptu^tment, 
rather  than  to  provide  and  mamlain  .suitably  a  fire  protection 
auxiliary  whieh  ih  very  likely  to  prove  of  the  utmost  important!**. 
A  proper  and  efficient,  standpipe  equipment  must  satisfactorily 
cover  many  details,  which  should  not  be  relegated  to  any  plumber 
in  a  haphazard  fashion,  but  sliouUI  be  most  carefully  considered* 
Such  details  include  location^  capacity,  water  supply,  valves  and 
street  connect ioni?,  character  of  hose  racks  and  hose,  roof  nozzles 
for  particular  use  under  conflagration  conditions  or  during  fire 
in  adjacent  premises,  and,  last  but  not  lesust,  some  s;ystem  of 
adequate  inspection  and  maintenance.  These  factors  will  be 
briefly  discuss^^ed. 

Location*  —  Btandpipes  should  be  located  in,  or  adjacent  to, 
stairway  shjifts,  so  that  they  may  be  readily  found  and  used  by 
either  tenants  or  firemen,  and^  beyond  all  other  cons  id  erat  ions, 
they  should  be  located  witliin  some  churn'  or  flue  which  will 
amply  protect  them  against  possible  injurj"^  by  fire  or  falling 
d^briB.  Because  a  standpipe  is  made  of  heavy  iron  piping  filled 
wdth  water  is  no  reaj^on  why  it  may  not  be  seriously  damaged  or 
rendered  inoperative  by  fire.  Experience  hiis  shown  the  dis- 
astrous  result  .4  which  may  follow  the  placing  of  stand  pipes  within 
%'ertical  shafts  which  also  contain  electric  wires,*  while  the  danger 
of  relying  for  protection  or  insulation  upon  the  Usual  column 
covering  construction  was  illustrated  by  an  experience  of  the 
New  York  Fire  Department  in  attempting  to  use  a  stan<lpipe 
hose  connection  on  a  floor  immediately  above  a  moderate  fire. 
*  See  Insurance  Etiffineerinff,  April,  1005,  page  330. 
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In  this  case,  steam,  generated  by  fire  around  the  exposed  pipe 
below,  painfully  injured  several  firemen. 

Obviously,  standpipes  should  be  located  where  there  would  be 
no  danger  of  freezing,  but  thfey  should  not  be  placed  within  the 
ordinary,  easily  damaged,  plaster  or  tile  column  covering.  They 
should  preferably  be  placed  either  within  stable  and  fire-resisting 
chases  or  shafts  (such  as  wall-slots  in  the  brick  walls  of  stair- 
way enclosures),  or  within  plumbing*  or  vent-shafts  containing 
no  electric  wires  or  other  elements  of  fire  hazard. 

Standpipes  should  preferably  rest  on  a  masonry  foundation, 
but  if  this  is  not  available,  support  may  be  secured  by  means  of 
heavy  iron  hangers,  attached  to  the  floor  beams  or  girders. 

The  arrangement  of  lines  should  be  as  straight  and  direct  as 
possible,  with  no  bends  of  a  radius  less  than  five  times  the  diam- 
eter of  the  pipe. 

The  building  laws  of  some  cities  have  required  exterior  stand- 
pipes  and  ladders  combined,  with  iron  balconies  and  hose  valves 
at  each  floor  level.*  Any  such  equipment  is  decidedly  inferior 
to  an  interior  water-filled  standpipe.  In  the  first  place,  the  hose 
connections  in  such  exterior  installations  will  usually  be  found 
tight  and  rusted  from  exposure  to  the  weather,  as  may  easily  be 
proved  by  attempting  to  operate  any  number  of  the  hose  valves 
attached  to  the  many  exterior  standpipes  placed  on  buildings 
erected  in  New  York  City  during  the  70's  and  80's.  Again,  the 
use  of  such  exterior  equipments  requires  the  carrying  of  hose 
up  to  the  balcony  levels  —  an  operation  which  will  usually 
consume  quite  as  much  time  and  effort  as  taking  lines  up  stair- 
ways. 

Capacity.  —  In  buildings  of  moderate  height,  G-inch  diam- 
eter standpipes  should  be  installed,  while  in  buildings  over  150 
feet  high,  8-inch  diameter  should  be  a  minimum.  These  sizes 
are  larger  than  are  now  required  by  the  New  York  Bureau  of 
Violations  and  Auxiliary  Appliances  (see  page  9C8),  but  the 
insufficiency  of  most  present  installations  under  actual  test 
conditions  was  plainl}^  demonstrated  in  the  Equitable  Building 
fire.  See  later  paragraph  "Use  of  Standpipes  in  Equitable 
Building  Fire." 

The  strength  of  all  pipe,  valves,  fittings  and  castings  should 
be  carefully  specified,  and  care  be  taken  to  see  by  actual  test 
that  such  requirements  are  enforced.     For  all  ordinary  cases  a 
*  See,  for  example,  the  Chicago  Building  Code,  revised  to  1906. 
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safe  working  pressure  of  300  ll:>s.  per  sq.  in.,  or  an  ullimate  or 
hurst ing  pressure  of  900  Ibts.  per  flq.  in.,  will  be  sufficient. 

Water  Supply*  —  The  success  of  any  t^tantipipe  sy.steni  will 
naturally  depc^nd  chiefly  upon  a  Buffit^ient  water  supply  under 
adi>quft.te  pressure. 

Sources  of  water  may  be  chvssifiefl  as  follows: 

(a)  Domestic  City  Water  Sapply  (low  pressure),  connected  to 
atandpipc  .system,  usually  of  insufficient  pressure  to  be  of  service 
except  in  building-s  of  very  modirale  height. 

(b)  GraiHly  or  Preanure  Tanks,  eonueeted  to  stand  pipe  system. 
Sources  (h)  or  (b)  should  be  made  sufficient  far  the  use  of  occu- 

pantjs  of  the  building  before  the  arrival  of  the  fire  department. 
The  regulations  of  the  New  York  Bureau  of  Violations  and  Aux- 
iliiiry  Fire  Apphances  require  its  follows: 

In  all  hiuMings  over  150  feet  in  height  and  in  such  buildings 
as  come  within  theBe  regulations  as  to  height  or  area,  such  as 
hotel.Sj  hospittds,  a,sylunvs,  theatres  or  other  large  public  struc- 
tures, the  Stan  dpi  pe  line  must  have  approved  tank  or  pump 
supply  J  or  both. 

TankH.  —  Bottom  of  gravity  tanks  must  be  elevated  at  leiist 
20  feet  above  highest  hose  outlet,  provided  with  separate  feed 
supply,  and  such  tanks  shall  be  of  not  less  thtin  351X>  gallons' 
eapaeily.  If  used  for  domestic  purposes^  feed  lines  nuist  be 
properly  arranged  to  in.sure  constjtnt  .supply. 

Pressure  tank  supply  system  or  direct  supply  from  street 
mains  will  be  permitted  in  .some  eascB,  if  circumstances  warrant 
and  pressures  are  adequate. 

(c)  Local  or  Priuate  Fire  Pumps.  —  If  gravity  tanks  are  not 
installetl,  or  even  where  gravity  tankg  are  employed  in  very 
high  or  very  important  buildings,  some  approved  form  of  fire 
pump  should  he  included  in  the  standpijie  system.  It  is  ex- 
tremely doubtful  liS  to  how  many  high  buildings  exist,  without 
fire  pumps  (where  high  pressure  service  is  not  used),  in  which 
sufficient  water  pressure  would  be  available  to  supply  requisite 
nozzle  pressure  on  ev(?n  a  few  of  the  upper  stories  during  a  severe 
test.  Efficient  sendee  necessitates  a  separate  fire  pump  for  such 
emergencies,  but  the  usual  owner  considers  such  a  pump  a  dis- 
proportionately burdensome  safeguard;  so,  unless  such  separate 
fire  pump  is  require^l  by  law,  the  house  water-supply  pump  is 
usually  relied  upon  to  do  doubtful  duty  as  a  fire  pump  as  well, 
an<l  if  the  test  is  a  severe  one,  the  supply  of  water  is  generally 
insufficient,  either  while  the  fire  department  is  responding  to  tlie 
alarm  and  getting  to  work,  or  in  time  of  wide-spread  contiagration. 
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To  provo  wholly  efficient  as  t<i  fire  protection,  each  builfiin|l 
rUouM  he,  as  far  aa  ]X)ssi1>le,  a  well  ptx)tec1ed  unit.     Thi>5  is  the ' 
only  safe  rule  to  follow  when  i-onflagration  conditions  are  con- 
sitlerfnl,  a.4  then  gravity  tanks  arc  soon  exhausteil,  and  the  publi 
department  may  not  be  able  to  render  the  aid  usually  expecte 

Fire  pumps  in  New  York  City^  in  buildings  over  150  feet  high," 
must  be  of  a  capacity  of  at  least  2J5(1  gallons  per  minute.    The  | 
requirements  as  to  tlie  placing  uf  pumps  and  the  protection  < 
boilers  so  as  to  make  them  ojMTative  even  when  eurrounded  h 
two  feet  of  water  from  the  discharge  of  fire  hose  abov^e,  as  stipu- 
lated in  Section  102  of  tht:  liuilding  Code  (us  quoted  hereafter)^ 
are  most  important. 

(J)  Fire  Engine  Supply^  after  arrival  of  department,  throu 
sidewalk  connections  which  should  be  placed  on  street  fronts  ( 
buildings,  in  aficessible  locations.     Each  wtandijipe  should  halj 
such  an  oytsi<ie  two-way  3-inch  standard  connection,  of  thr 
aKfeeing  exactly  with  the  city  department,   to  be   fitted  wid 
proper  caps  and  clappe^r-valv^es,     A  metal  sign   attaehed  to 
near  the  connection  ami  reading  "Stan^opipe  Connection'' 
valuable  m  distinguishing  the  standpipe  service  from  possib 
automatic  or  open  sprinkler  supplies. 

(e)  High  Pressure  Water  Suppit/,  or  a  water  system  giving | 
sufficient  pressure  for  all  fire  streams  when  directly  connects 
to  hydrants  or  standpipes,  without  the  intervention  of  sti 
fire  engines.  High  pressure  or  auxiliary  pipe  systems,  wh€i 
liigh  water  pressure  is  obtained  either  by  means  of  special  auxd 
ary  high-duty  pumping  stations,  or  else  by  means  of  powerfd 
fire-boats  attaching  to  the  mainSt  have  already  been  installd 
eitlier  throughout  or  in  portions  of  several  of  our  larger  citiej 
among  which  may  be  mentioned  New  York,  Boston,  Detr 
Cleveland  and  Buffalo.  For  rc^quirements  i>ertaining  to  hig 
pressure  fire  systems,  see  Nintli  Annual  Proceedings  of  Nation 
Fire  Protection  Assoc iation. 

Whatemr  the  source  of  supply^  the  water  should  invariably  BiaH 
next  to  the  valves  on  each  floor. 

Check- Valves.  ^  Each  steamer  connection  to  standpip 
sliould  be  provided  with  a  straightway  check-valve,  in  a  hori 
zontal  portion  of  the  t*iping,  just  inside  the  building;  and  whelj 
Siamese  connections  are  used,  they  should  be  provided  witl 
double-acting  check-valves  in  the  "Y."  Also,  where  a  tita 
isupply  is  provided  for  the  staudpipe  system,  a  eLeck-Vidve  mu 
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be  placed  f:iring  away  from  the  tank,  thereby  allowing  waler  to 
flow  from  the  tank  into  the  standijiipe,  but  prcvr'nting  water 
from  the  standpipe  (poKsibly  undcv  heavy  j>resisijre  from  fire 
engine  pumpitig)  from  passing  into  the  tanL 

Hose  Outlets  and  Valves.  —  The  hose-pipe  branches  at  the 
various  floors  shouhi  be  placed  about  5^  ft»et  above  the  floor  or 
landing  from  which  the  valve  is  to  be  operalcd.  The  valves 
eliould  be  singie-disk  gate  piitlemj  with  extra  strong  seats^  and 
with  disks  sufFieicntly  heavy  to  withstand  (he  working  preissure 
eontemplated.  Tliey  siiould  be  absolutely  water-jight,  made  of 
bffiss  or  other  non-coiTosive  metal,  and  of  2 J  inch  clear  opening, 
operation  to  he  by  means  of  a  screw  stem  and  cireular  handle. 
In  some  instances  of  particularly  careful  instalhition,  a  J-in,  drain 
pipe,  whi(.h  is  provided  with  a  shut-off  cock,  is  specified  to  bo 
placed  leading  from  the  bottom  of  the  nipple  or  hose-coupling, 
immediately  outside  the  valve.  This  is  to  drain  thoroughly  any 
water  left  in  the  hose  after  using^  to  some  waste-  or  rainwater*^ 
jjipe.  When  this  is  done,  the  hose  reels  or  racks  should  be  placed'^ 
immediately  ouvr  the  branches. 

Hose  Racks  are  of  various  patterns,  but  generally  arranged  nn 
some  principle  wliich  will  pennit  the  easy  ''paying  out"  of  the 


Fia.    390. —Wall    Hose   Rat-k,   Hose 
folded    Layer   by   Ijiytir. 


Fio,  39a.  —  Wall  How  Reel,  Hof^ 
foldocl  Once. 


hose  when  required  ff>r  use.     The  racks  are  supported  either  by 
clamping  to  the  standpipe  when  (he  laMcr  is  eomplet-ely  exposed, 
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—  or  by  fastening  to  the  wall  independent  of  the  standpipe,  — 
or  they  are  suspended  from  and  supported  by  the  valve. 

Fig.  389  illustrates  a  waD 
rack  in  which  the  hose  is  folded 
layer  by  layer,  so  that  the 
running  out  of  the  nozzle  will 
result  in  no  kinks.  Fig.  390 
shows  a  reel,  also  supported 
on  the  wall,  in  which  the  hose 
is  folded  once  and  then  wound 
on  the  reel  double  f  so  as  to  pay 
out  completely,  clear  of  the 
reel.  Fig.  391  illustrates  the 
"  Howard  Swinging  Hose 
Rack,"  in  which  the  rack  is 
supported  on  the  valve.  The 
rack  arm  is  open  at  the  outer 
end,  and  each  side  of  the  arm 
is  grooved  on  the  inside  to 
Fig.  391.  — "Howard"  Swinging  Hose  receive  |-in.  diameter  wooden 
^^  *  pins,  over  which   the  hose  is 

looped,  fold  by  fold.  When  the  nozzle  is  grasped  and  run  out, 
the  pins  also  run  out  one  by  one  in  the  grooves,  and  drop  to 
the  floor.  Various  finishes  are  supplied  for  nearly  all  makes  of 
racks. 

Automatic  Valves.  —  A  number  of  automatic  hose-reels  or 
devices  of  a  similar  nature  have  been  patented  and  used  to  some 
extent,  whereby  the  hose  connection  to  the  standpipe  is  made 
automatic  in  action,  so  that  the  operator,  in  manipulating  either 
the  reel  or  hose,  has  a  full  water  supply  at  once,  without  the 
necessity  of  unscrewing  the  valve.  One  familiar  type  is  that  in 
which  the  turning;  of  the  rack  at  right  angles  to  the  wall  (or  sup- 
porting surface^  operates  the  valve,  so  that  it  is  only  necessary 
to  run  out  th(^  hose,  turn  the  rack  through  an  angle  of  ninety 
degrees,  and  the  water  supply  is  immediate. 

Such  devices  are  not  generally  approved  on  account  of  the 
automatic;  action  being  insufficiently  controlled,  and  on  account 
of  liability  to  h'akage.  The  opening  and  closing  of  the  valve 
through  the  action  of  the  rack  makes  it  difficult  and  often  im- 
pra(;tica})le  to  regulate  the  pressure,  as  was  illustrated  in  a  fire 
in  a  New  York  building,  where  the  pressure  from  the  gravity 
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tanks  on  the  roof  provided  such  a  full  and  sudden  water  supply 
in  a  fire  hose  on  the  fifth  floor  that  the  nozzle  was  so  far  from 
control  as  slightly  to  injure  the  acting  chief  of  the  fire  depart- 
ment. Again,  such  automatic  valves  are  very  apt  to  become 
loose  and  to  leak,  with  the  result  that  the  connection  is  so  tight- 
ened up  as  to  become  inoperative  when  needed. 

''Red  Book''  No.  123  of  The  British  Fire  Prevention  Com- 
mittee describes  a  very  interesting  "adaptor"  or  automatic 
device  which  may  be  attached  to  any  hydrant,  cock  or  tap, 
whereby  the  supply  of  water  may  be  automatic  and  immediate, 
much  as  previously  described. 

The  hydrant  adaptors  in  each  case  were  found  to  open  the 
valves  when  the  hose  was  pulled,  irrespective  of  distance,  direc- 
tion, and  run  of  hose;  and  in  the  major  number  of  the  tests  it 
was  found  that  water  could  be  obtained  at  the  branch  more 
rapidly  when  the  valve  was  opened  by  the  adaptor  than  when 
the  ordinary  screw-down  valve  was  opened  after  the  hose  was 
run  out. 

Hose.  —  Two  and  one-half  inch  hose  is  generally  used  by  city 
fire  departments  for  inside  work,  and  this  size  should  therefore 
be  employed  for  standpipe  branches.  Hose  smaller  than  2§  ins. 
diam.  is  often  insufficient,  while  3-in.  hose  is  too  heavy  and 
cumbersome,  requiring  extra  men  to  handle.  Unless  employees 
or  occupants  are  well  drilled  in  the  use  of  hose  lines,  however, 
even  two  and  one-half  inch  hose  may  well  prove  unmanageable 
where  effective  water  pressure  exists.  Thus  Mr.  W.  C.  Robinson, 
in  his  report  on  the  Parker  Building  fire,  recommends  that,  in 
addition  to  linen  hose  and  nozzles  suitable  for  fire  department 
use,  stand  pipes  in  mercantile  buildings,  etc.,  should  be  equipped 
with  "smaller  hnen  hose  and  nozzles,  suitable  and  safe  for  the 
use  of  occupants." 

The  length  of  hose  apportioned  to  each  rack  should  be  suffi- 
cient to  cover  properly  the  entire  floor  area,  or,  in  cases  of  more 
than  one  standpipe,  to  cover  the  full  area  protected  by  the  stand- 
pipe  in  question.  Ordinary  rack  capacities  care  for  50,  100  or 
150  feet  of  hose. 

For  fire  hose  to  hang  up  in  dry,  warm  rooms  or  stairway 
towers  of  textile  mills,  corridors  of  office  buildings,  etc.,  we  recom- 
mend unlined  linen  hose.  Specify  that  it  be  "guaranteed  con- 
formable to  the  specifications  of  the  Associated  Factory  Mutual 
Fire  Insurance  Companies." 

It  costs  less  than  half  as  much  as  good  cotton  rubber-lined 
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hose,  and,  if  not  used,  will  last  two  or  three  times  as  long.  Its 
chief  value  is  for  short  lines  for  brief  use  inside  of  buildings,  and  it 
is  best  on  account  of  its  superior  lightness,  compactness  and  con- 
venience for  use  by  one  man  alone,  and  because  there  is  little  or 
no  chance  of  its  becoming  stuck  together  by  the  ordinary  heat 
of  the  rooms. 

Remember  that  it  is  almost  impossible  to  judge  from  in- 
spection whether  yarn  is  so  spun  and  the  fabric  so  tightly  woven 
that  it  will  instantly  become  water-tight  under  a  pressure  of 
100  pounds  to  the  square  inch,  and  that  durability  depends  largely 
on  the  preliminary  freeing  of  the  flax  stock  from  the  vegetable 
gum  by  alkaU  boiling,  and  that  much  hose  offered  by  commercial 
agents  is  apparently  ''made  for  insurance  inspectors  to  look  at," 
and  will  not  hold  water  or  stand  high  pressure.  For  these  reasons, 
therefore,  it  is  safest  to  buy  direct  from  a  responsible  manufacturer, 
whose  name  and  brand  is  on  the  hose  and  name  on  the  couplings, 
so  you  can  get  back  at  him  five  years  hence,  if  need  be. 

Linen  hose  is  injured  every  time  it  is  wet,  but  if  kept  in  a 
dry  place  may  continue  a  reliable  safeguard  for  twenty  years  or 
more.  It  is  not  suitable  for  lines  of  more  than  50  or  100  feet  in 
length  because  of  the  loss  of  pressure  due  to  friction  caused  by 
its  roughness;  and  it  is  not  suitable  for  mill  yard  use  because 
holes  quickly  chafe  through  it  under  pulsations  of  pump  or  when 
laid  over  sharp  stones,  cinders,  or  sharp  corners.* 

Play-pipes  should  be  of  brass,  not  less  than  18  ins.  long,  with 
l|-in.  nozzles  and  shut-off  cocks. 

Roof  Nozzles.  —  The  value  of  efficient  standpipe  service,  es- 
pecially if  equipped  with  monitor-  or  roof-nozzles,  should  not  be 
overlooked  in  its  bearing  upon  protection  against  exposure  fires 
or  conflagrations.  In  report  No.  XIII  of  the  Insurance  Engi- 
neering Experiment  Station,  Mr.  Edward  Atkinson  stated  as 
follows : 

No  system  of  safeguards  for  the  prevention  of  loss  by  fire 
can  be  considered  in  any  scmse  adequate  or  complete  in  which 
large  supplies  of  water  are  not  carried  to  hydrants  upon  roofs  or 
to  hydrants  within  high  buildings,  from  which  vantage  points 
fires  in  lower  buildings  may  be  promptly  flooded.  In  the  recent 
fire  ill  Rochester,  N.  Y.,  one  large  building  had  been  furnished 
with  its  owH  steam  fire  pumps  and  pipe  service,  with  hydrants 
upon  the  roof,  from  which  effective  streams  were  thrown,  stop- 
ping the  extension  of  the  fire  at  that  point  and  helping  to  protect 
the  building  on  which  they  were.  In  another  building  a  stand- 
pipe  with  hydrants  at  every  floor  served  hose  from  many  win- 
dows, again  checking  the  fire  in  that  direction.  Roof  hydrants 
and  streams  from  upper  windows  stopped  what  threatened  to  be 

*  From  Inspection  Department  of  the  Associated  Factory  Mutual  KrB 
Insurance  Companies, 
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a  con fii^ra lion  in  Philfulclplnu.  and  thr  8liiani  pumps^  pifjort, 
hviinints  and  hose  in  tho  silk  iniils  of  Paterson  8to|>iK!(l  that 
ponfiagralion  al  its  mr^sl  dangerous  pointj  and  saved  the  ^^ilk 
industry  from  destruction. 


Roof  outlets  should  be  either 
outlets  only,  without  hose  (whirh 
could  not  be  protected  against 
weather  without  some  prohibitive 
form  of  protection),  or  else 
oquipfKid  with  roof  nozzles,  a  com- 
mendable form  of  which  is  illu^ 
t rated  in  Hg,  392.  These  arc  of 
briifis,  connected  directly  to  the 
etandpippj  and  are  of  "universar^ 
operation,  so  that  they  may  be 
turned  in  any  direction,  and,  at 
the  same  time,  be  operated  in  any 
arc  of  a  circle,  A  protecting  tar- 
pauhn  should  be  place^l  over 
each,  and  every  roof  nozzle  should 
be  provided  with  a  8crew  valve  so 
located  on  the  stand  pipe  as  not 
to  allow  water  to  stand  where 
any  possibility  of  freestiDg  would 
exist. 

For  recommendations  of  the 
National  Fire  Protection  Associa- 
tion  as    to    roof    hydrants,    etc., 

in  connection  with  a  high  pressure  fire  system^  see  Insurance 
Engineering,  July,  1905. 


The  Bureau  of  Violations  and  A  miliary  Fire  AppUanecs 
of  the  New  York  Fire  Department  was  organized  in  190^  to 
enforce  the  installation  of  Kuch  auxiliary  appliances  as  could  be 
eallrd  for  under  existing  laws,  and,  alnOj  to  provide  uniformity 
in  (he  character  of  such  appliances.  The  work  tif  this  Bureau  id 
prosecuted  under  Section  762  of  (he  Greater  New  York  ('barter, 
which  requires,  in  jiractically  all  classes  of  buildings  except 
private  dwellings,  '-suck  means  of  pre  venting  and  extinguishing 
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firefl  as  \h^  fire  f'onimi^.sion<^r  may  dirpri  ;'*  and  under  Sei'tion  KB 
of  the  Building  Coflp,  wliich  refers  to  standpipes  as  follows: 

In  every  building  now  erected,  unless  already  providod  with 
a  thrc'e  inrh  or  larger  vertical  pipe,  which  exceeds  one  hundred 
feet  in'height,  and  in  every  building  hereafter  to  be  ero<*t,ed  exceed- 
ing eighty-five  feet  in  height,  and  wlien  any  such  buihling  does 
not  exceed  one  hundred  and  fifty  feet  in  height,  ii  shtdl  be  pith 
vided  with  a  four-inch  standpipe^  runtiing  from  cellar  to  roof, 
with  one  two-way  three-inch  Siamese  connection  to  be  placed 
on  street  above  the  curb  level,  and  with  one  two-and-one-hal/ 
inch  outlet,  with  hose  attached  thereto  on  each  floor,  platrcxi  as 
near  the  stairs*  as  practicable;  and  all  buildin^fs  now  erected,  ua* 
less  already  provided  with  a  three-ineh  or  larj^er  vertical  pipe,  or 
hereafter  to  be  creeted  exceeding  one  humlred  anil  fifty  ft^t  m 
height  shall  be  provideil  with  an  auxiliary  fire  apparatus  and 
applianre.s,  coiisisling  of  water  t ank  on  roof,  or  in  cellar^  stantl- 
pipes,  hose,  nozzles,  wrenches,  fire  exlinguisherH,  hooks,  as© 
and  such  other  appliances  as  may  be  ret|uired  by  the  P'ire  Ik- 
fjartnient :  all  to  be  of  the  best  material  and  of  tlie  .sizes,  i>atterD.s 
and  regulatiun  kinds  used  and  required  hy  the  Fire  I!)epartmeJ 
In  every  such  building  a  steam  pump  and  at  least  one  passeni 
elevator  shall  be  kept  in  readiness  for  immediate  use  by  the  ~  ._ 
Department  during  all  hours  of  the  night  and  day,  *  including! 
hohdays  and  Bunilays.  The  said  pumps,  if  located  In  the  lower 
story,  shall  be  placed  not  less  than  two  feet  above  the  floor  Ic^'el. 
The  boilers  which  supply  power  to  the  passenger  elevators  and 
pumps,  if  located  in  the  lowei^t  story,  sliall  be  so  surrounded  ' 
a  dwarf  brick  wall,  laid  in  cement  mortar  or  other  suitable  ^ 
manent  waterproof  constructic»n,  as  to  exclude  water  to  the  deu 
of  two  feet  above  the  floor  level  from  ftofting  into  the  ash  pitil 
said  boilers.  When  the  level  of  the  noor  of  the  lowest  stoi 
above  the  level  of  (he  t^c^wcr  in  the  strt^^,  a  laige  cesspool  si 
be  placed  in  saitl  floor  and  connecled  by  a  four-inch  east-ii 
drain  pipe  with  the  street  sewer.  Standpipes  s^hall  not  be  I 
than  six  inches  in  diameter  for  all  buildings  exceeding  one  hi 
dred  and  fifty  feet  in  height.  All  standpines  shall  extend  io 
street  and  (here  be  providetl  at  or  near  the  sidewalk  level  w 
thf^  Hiaruesc  connections.  Said  standpipes  shall  also  extend 
the  roof.  Valve  outlets  shall  !>e  pro\'ided  on  each  and  ev( 
story,  including  the  liawment  and  cellar  and  on  the  roof, 
valves,  hose,  tools  and  other  appliances  provitlcd  for  in  ti 
section  shall  be  kept,  in  i>erfe{^t  working  order,  and  once  a  iijoi 
the  person  in  charge  of  sai^l  building  shall  make  a  thorough 
spection  of  the  same,  to  see  that  all  v^alves,  hase  atid  other 
plianc^^s  are  in  perfeet  working  ortler  and  ready  for  iinrnedi! 
use  by  the  Fire  Department,  if  any  of  the  said  buihling.s  ext 
from  street  to  street.,  (U-  form  an  L  shape,  they  shal!  be  provid( 
with  i*tandpipes  for  eaidi  street  fruntage. 

New  York  Staadplpc  Bej^ulattatis^  —  Fm*  tln^  purpose 
securing  nnifortiuty  tuid  officifvncy  in  the  inatallution  of  stj 
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pipes,  tlie  following  regulations  are  issued  and  enforced  by  (he 
Bureau: 

Slandpipes  will  be  rccjuired  in  all  buildings  exceeding  85  feet 
in  height,  also  in  all  open  or  inclosed  structures  covering  large 
areas,  iri-espeelivf;  of  height. 

Such  buildings  as  come  within  above  classification,  and  which 
do  not  exceed  150  feet  in  heiglit^  in  whicfi  standpiped  (fire  hues) 
now  installed  are  less  than  3  inchei>  in  diameter,  must  be  provided 
with  hnet^  4  inches  m  diamelerT  and  in  Huch  building  as  exceed 
150  feet  in  height  the  fire  line  must  be  six  inches  in  diameter, 
unless  the  lines  already  installed  are  consideretl  satisfactory  and 
apiirovinl  l)y  the  Fire  D(tpartineut. 

These  standpipes  must  be  of  wrought-iron  or  steel  of  suffi- 
cient strength  to  withslatnl  the  necessary  pressure  (in  no  ca.se 
less  than  2KK)  pounds  to  the  square  inch)  to  fort*e  adequate  streams 
of  water  to  any  of  the  floors  of  the  building,  or  to  the  roof,  and 
must  extend  from  cellar  to  roof  and  be  coimeeted  with  outside 
two-way  3-inch  standard  Fire  Dejjartment  connections,  with 
clapper  valvew  and  proper  caps,  placed  on  street  front  of  build- 
ings, above  ciu'b  level,  in  a  position  aece^tsiblt!  for  use  of  Fire 
Department.  These  standpipes  must  be  provided  with  proper 
valves  (gale  valves  preferred)  and  2i-int'h  outlels  of  the  regular 
Fire  Department  pattern  and  thread  on  each  floor  level,  wdlh 
eufficient  standard  25-inch  hose  and  nozzles  attachetl  thereto  to 
properly  c<jver  eni  ire  floor  area,  arranged  on  pio[>er  and  approved 
racks  or  reels,  with  approved  open  or  controlling  nozzles.  Proij^r 
check-valves  shall  be  placed  in  top  and  bottom  of  such  lines  as 
are  requiretl  to  u.^e  tank  or  pump  supply,  or  buth.  Tlie  hose  out-- 
lets  and  hose  must  be  located  within  stairway  inclosures,  excepb 
where  impracticable  to  do  so  for  reasons  satisfaclorj'  to  tne 
Department. 

Where  more  than  one  standpipe  is  installed,  eroBS  connec- 
tions, preferably  in  biuwment,  of  same  nize  els  main  ri.sers,  or 
larger,  must  be  provided. 

Boston  Standpipe  Practice.  —  In  Boston,  where  no  building 
may  be  built  to  a  iieif^ht  exeeeding  125  feet,  no  mention  is  made 
in  the  building  law  of  standpipe  requirements,  except,  for  theatres, 
but  the  lk»ston  Board  of  Fire  Underwriters  allows  a  reduction  in 
premium  for  such  installations,  provided  the  water  is  alvvays 
next  Ihe  valves,  the  allowance  varying  according  to  the  character 
of  the  risk. 

Elevator  Servlee* — The  [>rn vision  in  the  above  quoted  s(*etion 
of  the  New  York  Building  Code  as  to  elevator  service  at  all  hours 
of  every  day  and  night  in  buildings  exceeding  150  feel  in  height, 
is  very  important  from  a  fire  protection  viewpoint.  This  regu- 
lation is  for  the  benefit  of  the  hreaien,  in  case  of  need;   for,  in 
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buildings  of  great  heiglit,  etairwaya  will  not  sufRce  for  the  pro] 
working  of  the  department.  The  difficiilty  of  ascending  m; 
flights  of  stairs,  even  without  the  addeti  burden  of  hose, 
under  considerations  of  smoke  or  exnrtton,  seriouslj'^  ernbi 
the  prompt  working  of  the  department^  especially  in  the  abU 
of  the  firemen  to  avail  themselves  quickly  of  the  auxiliary  fii? 
fighting  apparatus  belonging  to  the  building.  Hence  i^uffieient 
power  should  be  ready  at  all  times  for  the  oi>eralioD  of  at  leiist 
one  elevator,  in  adrlition  lo  which  some  eonipi?teni  employee, 
ifimiiUar  with  Ihe  elevator  .«ervi(?e  and  ako  with  all  auxiliary 
t  apparatus,  should  be  conataiitly  on  hand  to  aid  and  direct  tbu 
firemen.  A  decided  improvement  in  the  above  law  would  be 
to  require  such  elevator  to  be  in  a  thoroughly  fire-resisl 
enclosure. 

Stanilplpe  Ectulpnient  In  Singer  Building,  BTew  York.  — 
The  inordinately  high  building.'^  in  New  York  City%  such  tm  the 
SingiT  Building  Tower,  the  Metropolis iin  Tower,  and  the  Muaic- 
iiml  and  Woolworih  buQdtngH,  i>resent  uiiitiuci  problems  of  &Fe 
protection  engineering.  It  is  evident,  as  has  bet^n  shown  in 
Chapter  XIXIX,  that  no  great  reliance  may  be  placed  on  the 
fire  department  at  such  excessive  heights  unless  adequate 
auxiliary  equipment  is  installed.  In  such  eases,  the  principal 
feature  of  equipment  mast  eoasii^t  of  the  standpipe  system,  in  the 
design  of  wliich  many  unusual  factors  must  be  taken  into  con- 
sideration. Thus,  while  no  especial  difficulty  is  prt»sented  in 
pumping  water  to  such  a  height,  the  standpipes  must  be  alwuys 
charged,  thi?reby  making  a  tank  supply  necessary.  This,  how- 
ever, at  sueh  gi-eat  heigiit^^,  me>ans  a  gravity  pressure  which 
would  be  entirely  unusable  at  the  hose  connections  of  tlie  lo^ 
stories.  This  defect  exists  to  some  extent  in  a  number  of  nil 
pcralely  }iigh  buildings  in  New  York,  so  that  in  still  higher  buili 
lings  some  means  liud  to  l>e  found  whereby  a  controljable  nozzle 
pressure  would  result.  This  is  usually  aecomplislie<i  by  dividing 
the  building  into  a  number  of  vertical  sections,  each  of  which  k 
provided  with  an  independent  tank  supply.  The  first  notable 
example  of  Kuch  a  divided  stand  pi  jx*  installation  was  in  the 
Singer  HuiUiing  Tower,  and  as,  in  that  ease,  f  lie  best  jxtssible 
solution  of  the  problem  was  very  CLwefully  eonsideredj  a  bi 
description  of  the  result  whoulil  be  of  interest. 
lndef>endent  tank  supphes  were  as  follows: 
On  the  42nd  floor^  one  iStJOO-gallon  tank,  which  supplies  the 
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40th  to  3Kth  floors,  inclusive,  hy  means  of  a  4-in(*li  riser  with  ,3  hose 
connet'tiony.  This  riser  h  conneeted  to  the  ti-iiieh  riser  leM^ing 
downwHTtl  from  next  Umk  hiAuw  (sr<'  Fig*  393)* 

On  the  39th  floor,  one  7(MHVganon  tank,  which  sufiphea  the 
37th  to  26th  floors  inclusive  by  means  of  a  6-inuh  riser  with  12  hose 
connections.  This  riser  is  conneeted  to  a  tVinch  riser  leading 
downward  from  next  ttink  below. 
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tions  at  the  ground,  1st  and  2nd  floors,  connects  with  the  lowest 
level  tank  mentioned  above. 

The  system  has  three  sources  of  water  supply,  viz.,  the  tank 
supply,  the  house  pumps  and  j&re  engine  connections. 

The  tank  supply  is  taken  from  a  10,000-gallon  suction. tank 
located  in  the  basement.  Two  500-gallon  pumps  supply  the 
tanks  at  the  42nd  and  39th  floors  through  10-in.'  and  8-in.  main, 
and  the  tank  at  27th  floor  through  a  6-inch  main.  The  13th 
floor  tanks  are  also  supplied  through  3-inch  and  4-inch  mains 
by  two  similar  pumps.  All  of  the  pumps  are  also  arranged  so 
that  they  may  pump  into  the  service  risers  direct. 

The  following  check-valves  were  used: 

a.  —  Check- valves  just  beneath  each  tank,  opening  downward. 
These  prevent  engines  or  pumps  from  filling  and  overflowing 
tanks  from  risers. 

b.  —  Check- valves,  opening  upward,  at  the  foot  of  each  riser 
length,  just  before  the  connection  of  upper  riser  to  lower.  These 
allow  engines  and  pumps  to  fill  risers  from  below,  way  to  top  of 
building,  but  do  not  allow  water  to  return.  The  pressure  from 
each  tank  can  therefore  extend  down  only  to  this  check-valve, 
and  not  to  riser  from  tank  below.  This  insures  workable  pres- 
sures at  hose  connections.  These  check-valves,  with  those  just 
beneath  tanks,  give  each  tank  a  double  protection  from  the 
pressure  of  the  tank  above  (see  Fig.  393). 

c.  —  A  check-valve  at  each  Siamese  connection  guards  the 
engines  from  the  pumps,  while  check  valves  near  the  pumps  guard 
the  latter  from  the  engines. 

A  difficulty  which  presented  itself  was  furnishing  enough 
pressure  for  the  hose  coimections  on  the  floors  immediately  be- 
low the  tanks.  This  was  overcome  by  having  the  connections 
on  the  floors  immediately  below  each  tank  supplied  by  the  riser 
for  the  next  upper  section.  For  example:  the  tank  on  the  27th 
floor  begins  to  supply  connections  at  the  25th  floor,  while  the 
connections  on  the  2Gth  and  27th  floors  are  supphed  by  the  riser 
from  the  39th  story  tank. 

Another  difficulty  arose  from  the  necessity  of  using  the  same 
tanks  for  both  house-  and  fire-service.  The  small  area  of  the 
building  did  not  permit  of  separate  tanks,  so  the  latter  had  to 
be  arranged  for  both  supplies,  but  without  affecting  the  fire  sup- 
ply. This  was  done  by  extending  the  house  pipes  up  and  into 
the  tanks  to  specified  levels,  while  the  fire  risers  were  extended 
only  to  the  bottoms  of  the  tanks.  In  this  way  the  fire  risers  can 
draw  all  tlie  contents  of  the  tanks,  while  the  house  pipes  can  draw 
only  as  much  water  as  is  above  the  tops  of  the  pipes.     This 


arrangemrnt  assunea  a  constant  fire  supply,  regardless  of  that 
UKOcl  for  house  purposes.* 

Use  of  Standfilpe^  in  Equitable  Building?  Fire, —  Owing 
to  narrow  Htreets,  high  wind,  and  luw  temperal  ure,  the  fire  which 
desiroyed  the  Equitable  Building^  January  Q,  1912,  wfus  fjrin- 
cipally  fought  by  nieuns  of  Btreams  from  ntandpiprw  in  neigh- 
boring buildings.  Such  atandpipea  were  usually  supplied  by 
a  local  fire  pump  and  by  one  or  more  steamer  hose  lines  attached 
to  the  Siamese  street  connection.  The  standpipes  in  no  less 
tlmn  tf^n  separate  buildings  wcrt!  thus  utilized  by  the  fire  depart- 
ment for  poriodR  ranginp;  from  two  hours  to  two  flays,  so  that 
this  fire  undoubtedly  constituted  the  most  comprehensive  tost 
BO  far  given  to  this  feature  of  fire-protection  equipment.  The 
value  of  such  standpipes  wjus  amply  demonstrated,  but  this  ex- 
perience also  showed  the  insufficiency  of  most  of  the  in  stall  at  ions 
utilized.  It  is  interesting  to  note  that  the  only  standpipe  stream 
which  was  classe<l  as  **good'^  was  that  from  the  6-inch  standpipe 
in  the  Singer  Building, 

The  following  conclusions  concerning  standpipe  experience 
in  this  fire  are  given  by  Mr.  F*  J.  T.  Stewart  in  his  re])ort  on  t.lie 
Equitable  Building  fire  lo  the  New  York  Board  of  Fire  Under- 
writers: 

Standpipes.  —  The  extent  to  whicht  the  standpipes  were 
uswt  in  the  numerous  tall  buildings  facing  the  Equitable  Build- 
ing across  nan^ow  streets,  shows  a  laudable  realiijatjon  on  the 
part  cjf  Ihe  fire  department  of  tlie  futility  of  fighting  fires  above 
50  feet  or  the  4th  story  by  hoae  streams  directed  from  the  streets, 
especially  during  a  high  wind. 

It  is  apparent  from  personal  observations  and  from  the 
records  that  hardly  a  hoae  stream  was  directed  at  Ihe  fire  from 
the  street  level  except  a  number  of  streams  used  chiefly  to  wet 
down  the  vaults  after  the  fire  was  under  control. 

The  futility  of  constructing  standpipes  less  than  tj  inches 
in  diameter  in  any  building  wns  clearly  evidenced  in  this  fii'e. 
In  buildings  over*  150  feet  high  they  should  be  8  inches.  A 
considerable  number  of  tlie  Blandi>ipes  in  nearby  buildings  are 
only  4  inches.  The  iTiefficiency  of  these  small  standpipesj  as 
compared  to  those  6  inches  in  diameter,  was  stTikingly  mani- 
fested in  the  character  of  the  streams  taken  from  them. 


♦  For  a  mpre  complete  illustrated  deacripiion  of  ttiis  installation,  see  Journal 
of  F\r€,  Octobur,  lOOfi. 


CHAPTER  XXXV. 
PRIVATE  FIRE  DEPARTMENTS.'' 

Importance  of  — The  large  concentration  of  values  repre- 
sented in  the  buildings  and  contents  of  many  modem  industrial 
plants  has  led  to  the  gradual  development,  often  to  a  very  high 
degree,  of  private  means  of  fire  protection,  especially  in  plants 
consisting  of  a  number  of  buildings.  While  automatic  sprinklers, 
automatic  alarms,  watchmen,  standpipes,  etc.,  are  invaluable  for 
coping  with  j&re  under  ordinary  conditions,  special  circumstances 
often  make  advisable  a  more  complete  scheme  of  fire  protection, 
particularly  where  many  buildings  are  involved,  —  where  the 
hazards  of  manufacture  or  storage  are  great,  —  where  the  plant 
is  located  on  the  outskirts  of  a  city  or  town  where  the  municipal 
fire  department  is  insufficient  or  too  remote  for  effective  service,— 
or  in  those  localities  even  more  removed  from  centers  of  popula- 
tion where  no  adequate  public  fire  department  exists. 

The  importance  of  adequate  fire  protection  in  large  manu- 
facturies  is  indicated  by  the  fact  that,  in  one  year,  no. less  than 
ninety-five  fires  occurred  in  the  plant  of  the  Baldwin  Locomotive 
Works,  Philadelphia. 

It  is,  therefore,  advisable,  regardless  of  how  efficient  the  ex- 
ternal sources  of  help  may  be  in.  case  of  fire,  that  each  mill  or 
manufacturing  plant  Should  be  a  unit  unto  itself  in  the  matter  of 
fire  protection. 

Advantages  of  Private  Protection:  In  cases  of  remote 
location  of  the  plant,  or  of  insufficiency  or  inaccessibihty  on  the 
part  of  the  pubUc  fire  department,  the  advantages  of  private 
protection  are  obvious.  But,  even  where  a  good  pubhc  fire 
department  exists,  emergencies  may  easily  arise  wherein  the  self- 
help  would  be  all  important  —  as  where  the  public  department 
was  engaged  on  another  fire  at  a  distance,  or  delayed  by  a  hea\7 
snowstorm,  or  otherwise  prevented  from  responding  promptly. 

*  See,  also,  pamphlets  "Suggestions  for  organizing  Private  Fire  Depart- 
ments," "Construction  and  Equipment  of  Hose  Houses  for  Mill  Yards"  and 
"Hydrants,"  containing  the  recommendations  of  the  National  Board  of  Fire 
Underwriters. 
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Furthermore,  ample  experience  haa  proven  thai  t]w  haphazard 
effortjs  of  unorgaDizeij  employ eei^j  however  well  meant,  will  not 
control  a  firt!  a«  well  as  a  (lifieipUiietl  force  made  familiar  with 
protective  means  and  apparatus  by  drill  and  practice;  whUe, 
further,  an  efficient  mill  fire  brigade,  knowing  thoroughly  the 
ills  and  outs  of  the  proi>orty,  may  well  handk^  a  fire  to  even  l>etter 
advantage  than  the  |>ublie  fire  department. 

The  following  paper  by  Mr.  H.  H.  Newbern/*  pi-esented  at 
the  I91i  annua!  meeting  of  the  Naliunal  Fire  Protection  Asso- 
ciation, constitutes  one  of  the  latest,  and,  at  the  same  tmie,  moat 
valuable  enntributions  on  the  aubji^et  of  private  fire  departments* 

Private  Fire  Brigades.  — 

The  organization  ami  training  of  tlie  private  fire  brigade  is 
one  of  the  most  important  problem.^  in  the  field  of  firt^  protect. ion. 
Fire  pumps  and  distribution  sy^'^tems,  however  perfect,  will  prove 
of  wniall  value  if  we  neglect  the  means  by  which  their  possibihties 
are  to  be  reafized. 

Frequently  in  laying  out  systems  of  fire  protection  the  organi- 
zation of  the  fire  brigade  fails  to  receive  the  consideration  vvhich 
its  importance  deserves.  It  would  seem  but  simple  business 
economy  that  the  means  whereby  the  expenditure  for  costly  m- 
Btallation  of  pumps,  water  mains  and  hydrants  are  to  be  mtule 
effective,  should  be  dcvelopcfl  to  its  highest  efficiency,  for  in  any 
system  of  fire  protection,  working  efficiency  will  depend  largely 
on  the  skill  with  which  it  in  handled. 

Aside  from  its  primary  object,  the  private  fire  brigade  has 
possibilities  for  the  alert  mill  manager  or  factory  superintendent 
in  promoting  sunicable  relations  between  the  management  and 
employees,  which,  if  properly  developed,  will  amply  repay 
any  i-easonable  expenditure  of  time  atid  energy  given  to  its 
organization.  The  motive  underlying  a  fire  brigade  organization 
is  fundamentally  one  of  mutual  protection:  to  the  manager,  the 
Bafeguanling  and  preservation  of  his  plant;  to  the  employee,  the 
I>ermafiency  of  work  and  wage*  When  this  relationship  is  propj- 
erly  understood  and  the  interest  of  each  party  made  the  common 
interest  of  both,  we  have  then  laid  the  broad  foundation  for  a 
successful  and  efficient  organization- 
Membership  in  the  brigade  should  of  itself  confer  distinction 
and,  if  possible,  carry  with  it  the  exercise  of  some  minor  privilege 
eufficiently  attractive  to  make  membership  desirable  and  sought 
after. 

Organization.— 

The  ideal  private  fire  brigadr  should  be  organized  under  a 
coTistitution,  with  its  own  by-laws  anrl  with  provision  for  regular 
stated  meetings.     The  conduct  of  the  men  within  limits  should 

*  Buperintendent  of  Itisurajdioe  Departniant,  PeaosylviuiJa  Eaitroad  Co., 
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be  subject  to  discipline,  anrl  in  the  same  mariner  acts  of  unu! 
merit  involving  perj^onal  risk  and  endurance  should  Ix!  fitting)' 
rewarded. 

No  fixed  rule  can  he  followed  in  determining  the  make  \i\ 
a  priviite  fire  brigade  which  would  be  adaptable  to  all  eh 
risk. 

There  ai-e  certain  risks,  such  as  departtiieni  stores,  theai 
and  the  oUler  tyiMi  of  mercantile  buildinf?^  where  occupancy  and 
character  of  construction  will  tend  to  limit  the  effective  work  of 
the  brigiule  to  the  extinguiishment  of  tires  in  their  early  or  in- 
cipient stage,  and  where  fire  operationj*  as  a  rule  will  be  confinwi 
to  the  interior  of  the  building.  F'or  other  ritdcs^  such  as  mill  smd 
shop  plantK,  including  railroad  terminal  yards,  fire  opi'rations  will 
be  mostly  in  the  open  and  generally  of  a  more  extenaed  eharacl 
It  is  clear,  therefore,  that  a  plan  of  organization  to  be  prue 
should  provide  for  the  essential  features  peculiar  to  each  of  tJ 
claaaes. 


L 


.Selection  of  Men.  — 

The  degree  of  efficiency  of  u  brigade  organization  will 
almost  in  exact  proportion  to  tlie  care  and  judgment  exercj 
in  the  selection  of  men,  Clarcful  selection  will  involve  judgm< 
in  the  reading  and  discernment  of  character  and  a  somewhat  in- 
timate knowledge  of  the  men  and  their  personal  habits.  Th<? 
plant  superintendent  or  store  manager^  in  performing  this  im- 
portant duty,  should  have  the  assistance  of  the  Bhop  foremen 
and  fiubhead.4  of  departments;  the  final  judgment,  however, 
eljould  be  that  of  the  superintendent  or  manager. 

In  the  work  of  selection  the  first  consideration  is  loyalty-^ 
only  thoBc  men  whose  Bympathies  and  interests  are  well  knoi  " 
should  be  consideretl.     Fitness  for  fire  brigafle  service  requf 
a  ix'cuhar  combination  of  physical  stamhia  and  jud^nent 
strong,  robust  constitution,  with  sight  and  hearing  unimpaii 
and  with  somewhat  more  than  ordinary  powers  of  endurani 
The  ability  to  decide  quickly  in  emergencies  and  a  high  degree 
self-posaession  are  qualities  most  desirable,  although  fitness  shoi 
not  depend  on  these  alone,     Oonsideration  should  be  given  to: 

Age  (ranging  between  IS  years  and  45  years). 

The  abihty  to  speak  and  readily  understand  English. 

A  general  knowlecige  of  the  character  of  cou«truetion 
occtipaney  of  the  building  or  plant,  including  location  of  stairwa; 
elevator  shafts  and  the  means  of  approach  to  attics  and  b; 
ments. 

Pro?dmity  of  place  of  residence  to  building  or  plant 
previous  experience  in  fire  department  work. 

The  Chief  of  Brigade  should  be  someone  high  in  authori 
whose  duties  woidd  insure  his  ]jresenee  at  the  plant  the  greai 
part  of  the  time,  preferably  the  master  mechanic  or  the  store 
factory  manager  or  his  activi^  assistant.  Booieone  whose  positi* 
w^ould  command  the  respect  of  the  men  and  give  reasonabl 
assurance  of  official  it^cognition  for  meritorioiis  service. 
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AsMRlmit  Chief.  —  This  selection  will  be  governed  by  eirciim- 
'  stances.  Should  the  cbief  selected  have  a  general  working 
knowledge  of  fire  protection^  the  assistMnt  chief  may  be  chosen 
with  reference  to  his  position  in  the  aflministmtion  of  the  plant 
or  store.  Otherwise  the  assistant  chief  should  have  some  practical 
fire  knowledge  or  mechanical  training  an<l  experience. 

Captmns  of  Companies.  —  For  theat!  positions  men  with 
meelianicfxl  knowledge  are  to  be  preferred,  either  shop  foremen, 
or  in  the  ease  of  the  factory  or  department  store  someone  of  the 
regularly  employed  mechanics. 

In  atldition  to  the  foregoing  qualification  they  should  be  men 
of  jiound  and  rehable  judgment,  capable  of  acting  quickly  in 
emergencies,  a^  upon  these  men  devolves  rfirect  supervision  of 
active  fire  operations  and  care  in  their  selection  is  of  the  utmost 
import^mce. 

Company  organization  should  be  designed  to  alTord  the  men 
special  knowledge  and  ex]^M;rience  in  their  respectiv^e  duties.  For 
the  avenige  shop  plant  there  should  be  three  separate  eorapaniea; 
viz.f  hose  company,  chemical  engine  company,  and  ladder  com- 
pany, isxcepting  that  where  buildings  are  provided  with  a  com- 
Elete  equipment  of  stationary  ladders  the  latter  company  may 
e  dispeni^ed  with.  For  the  department  store  and  factory  there 
should  he  a  chemical  engine  compimy  and  a  standfTipe  company. 

In  addition  to  these  companies  a  special  detail  of  selected 
men  should  be  designated  to  handle  chemical  extinguishers,  fire 
paiLs  and  any  other  equipment.  This  latter  provision  should  not 
interfere  with  the  desirable  feature  of  having  all  ernploycies 
thorougldy  familiar  wdlh  the  u.se  and  handling  of  its  equipment. 

A  salvage  corps  consisting  of  from  six  to  twelve  men  (accord- 
ing  to  size  of  plant  or  store)  should  be  maintained,  whose  special 
duties  should  consist  of  protecting  stock  and  machinery  from 
water  damage,  both  during  and  after  a  fire.  For  this  work,  men 
of  average  intelhgence  are  required  who  should  be  i:»speeially 
instructed  as  to  the  proper  course  to  be  followed  in  preventing 
needless  water  damage.  The  corps  should  be  provided  with 
rubber  covers  and  other  accessories  as  the  nature  of  the  contents 
may  require. 

Assignment  of  Men  and  Duties.'^  — 

Hose  Company.  —  The  minimum  requirement  for  a  hose 
company  will  vary  with  local  conditions,  but  in  no  case  should 
there  be  less  than  eight  men,  including  captain.  For  the  njore 
extensive  jilants  and  for  plants  havring  buildings  of  large  areaa 
the  organization  can  be  expanded  accordingly,  depending  largely 
upon  the  maxinmm  number  of  hose  streams  to  be  used. 

Hydrant  Men:  Two  mcu  should  be  selected  for  each  hose 
stream.     One  man  io  remain  at  hytlrant  to  turn  on  and  off  water, 

•  All  employoos,  espGcially  watchmen  and  membcra  of  firo  bri^d&s,  should 
be  famlLioLr  with  the  locations  und  oae  of  all  fine*  alarm  boxes  on  or  about  prem- 
lEtoR,  »o  that  &larma  may  be  immeduitely  transiiytt^Tci  tu  the  city  iire  dtipait- 
mentt 


FIEE   PRE\"ENnOIf  AND  FIR®   PROTECTION 


the  other  to  assist  In  unreeling  hose  and  making  couplings  ! 
in  uildlnp;  or  taking  on  I  h<j??o. 

In  the  runs  to  fires,  hydrant  men  should  take  position  in  th 
rear  of  Iio«c  wagon^  onc>  man  (vvhero  hydrants  are  not  proyid<3 
with  wreiifdies  or  hand  wheels)  with  spanner  to  '*drop  off  **  i 
rearhing;  the  li^drunt^  the  other  going  forward  with  tlio  ho 
wagon,  to  assist  in  unreelinj?  hose  and  laying  the  hoife  line. 

Pipe  Director  and  Pipemen:  Tiiis  HTvice  requir<\s  stronjj 
able  men,  cMfjahle  of  parry inp  pine  and  hose  line  up  roof  luddert 
while  under  pre,ssure,  and  with  endurance  to  withstand  tU 
noxious  effects  of  snuike. 

Three  men  are  required  for  eaeh  hose  line,  one  of  whom,  i 
be  designated  **p![)e  Director/'  shall  he  in  charge  of  the  pijii 
While  nozisle  rests  and  other  devices  rnay  he  employed  to  contn 
the  pii)e  hy  one  man,  t|je  two  additional  men  specified  wiU  T 
iieeessary  in  plaeing  and  rnn\  ing  the  pi{>e  and  in  drawing  the  lii 
up  halders  and  over  roofs.  The  piperaen  in  runs  to  fires  ahoiJ 
be  on  the  tongue  of  host?  wagon  and  assiat  in  discoimccting  ho 
and  attaching  nozzle. 

Extra  Hosemea :   Not  less  than  two  ejttra  hosemen  should  t 
attached  to  eaeh  company,  to  assist  in  drawing  hose  wagon  j 
in  laying  Iinse  hue. 

Ladder  Company.  —  As  the  praelice  of  providing  stationa 
hulders  on  buildings  of  shop  and  industrial  plants  is  uow  genora 
ladder  comj>anv  stTvice  will  be  confined  tn  tho.se  plants  not 
etiuif)pcd,  or  where  the  equipment  is  incomplete. 

The  ladder  company  should  he  organized  with  a  compleme 
of  not  less  than  nine  men,  including  a  foreman.  The  exact  nun 
her  wdl  vary  with  comlitJons,  di  pending  upon  height  of  building 
degree  of  exposure  and  character  of  eonstructioo. 

t'nder  direction  of  the  f<ireman  the*  company  will  liave  entii 
charge  of  the  truck  and  ladder  efjuipment^  subject  to  the  ordc 
of  the  chief  and  asskstant  chief  of  brigade.  The  duties  of  ik 
ladder  company  will  consist  of  placing  and  running  ladder! 
handling  and  use  of  chemical  extingiushers  from  the  truckl 
equipment,  and  the  opening  of  roofs,  floors,  partitions,  etc., 
may  br*  necessary  to  properly  pla^^  the  hose  streiuns^  in  additi(» 
to  such  other  duties  as  in  the  judgment  of  the  chief  may 
necessary. 

Ckemical  Engine  Company.  —  To  consist  of  five  (5)  meHi  i 
eluding  a  captain. 

Tankmen:  Two  men  to  have  charge  of  operating  the  engine 
tank;  to  open  and  clos<^  main  tank  valve  in  addition  to  agitati] 
and  mixing  the  chemical  charge,  and  of  recharging.  The  me 
should  be  thoroughly  expcriencetl  in  both  tfie  principle  an, 
metliod  of  operating  the  engine  and  should  be  held  responsibly 
for  the  profKT  charging  and  condition  of  the  tank  at  all  time 
also  for  naming  the  necessary  extra  charges  on  Iiaiid. 

Nojsjslemen :  Two  men  to  be  selected  to  carry  and  direct  nozz 
and  to  assist  in  uinreling  horn  and  laying  hose  line. 

For  engines  having  two  tanks  an  additional  tankman 
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nozdeman  Bhouki  ho  provided.  These  men  are  mainly  necessary 
to  aasist  in  drawing  the  pn^ne. 

aiandpijm  Comjmnij.  —  For  rlepartment  HloreH,  factories, 
large  mercantile  ami  office  buildings  and  various  otlier  risks 
equipped  with  interior  standpipe  system,  a  separate  company 
should  be  organisjfHi  to  operate  the  system  and  to  handle  the  hose 
lijics  connected  therewith. 

The  company  should  compriHO  not  Ioks  than  s^ixteen  (!€>)  men, 
or  a  ^?ufficient  number  to  concentrate  four  hose  lines  on  any  one 
Ooor,  or^  where  less  than  four  connections  are  available,  there 
phould  he  a  sufficient  number  of  men  to  man  all  the  lincB,  as 
hereinafter  provided. 

Tlie  company  should  be  in  command  ni  a  ( apj  ain^  in  direct 
charge,  and  for  each  hose  stream  there  should  be  a  %'alveman  and 
two  pipemeUf  with  duties  as  follows: 

Valveman:  To  remain  at  hose  gate  to  turn  on  and  off  water 
and  assist  in  unreehng  ho-^e. 

Pi|>emcn:  To  handle  and  have  d unction  of  play-pijje  and 
assist  in  unreeling  and  lajing  hose  line. 

Ihwernan:  For  eat^h  hose  stream  opened  there  sliould  be 
one  extra  man  available  to  assist,  if  necessary^  in  unreehng  hose 
or  in  directing  play-pipe* 

Where  standi>ipe  systems  are  supplied  from  gravity  tanks 
or  by  means  of  connections  with  public  mains,  the  organization 
Bhould  provide  for  a  ^*main  valveman,"  who  shall  be  charged 
with  the  duty  of  .seeing  that  the  tihut-off  valve  between  source 
of  supply  and  standpipe  system  is  tipen  and  in  good  workinjj;  order. 

For  all  factories  and  fiepartment  stores  there  should  be  cer- 
tain members  of  the  fire  brigade  designated  to  unreel  hose  con- 
nected with  inside  hydrants  or  fitandt>it>e  syslems,  and  to  stretch 
eame  carefully  on  all  floors. 

Attacheti  to  each  fire  brigade  organization  there  should  be 
nxv  experienced  plumber,  selected  from  those  connected  with  the 
plant  or  store^  |>rcferably  one  familiar  with  the  distribution  sys- 
tem and  with  location  and  operalion  of  all  vabcs;  also  where 
electric  current  is  used  provision  should  be  made  for  the  attend- 
ance at  all  fires  of  a  practical  electri(iian,  having  first  hand  knowl- 
edge of  (lii  conductors,  their  voltage,  and  of  the  location  and 
ojieration  of  all  pro  tec  live  devices,  Thes*:'  men  to  report  to  the 
chief  or  liK-^istant  chief,  and  to  be  subject  to  their  orflers. 

At  i>IantK  where  the  fire  service  is  supplied  by  fire  pumps  it  ia 
advisable  to  have  the  engineer  in  charge  and  his  assistants  en- 
rolled in  the  fire  brigade  membership,  in  order  that  they  may 
be  in  close  touch  with  the  purposes  and  objects  of  the  brigade* 
During  hrc^s,  and  except  when  prearranged  for  fire  drills,  the 
engineer  and  assistant  should  remain  on  duty  at  the  |inmps. 

Fire  Drills  for  Fire  Service**  — 

High  efficiency  for  a  fire  brigade  wiE  depencl  upon  the  fre- 
quency and  character  of  the  fire  drills. 

*  Foi  fire  driUfl  of  mmatea,  aee  Ckapter  XXXVII. 
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Fire  cirillw  t^houkl  luivc  two  nmin  objects:  promptness 
reaching  iLe  poinl  tii  fire  hy  desij^ialed  rauies,  iind  practioi* 
the  haiitlling  of  the  fire  appurfirus.  To  effect  both  objeitt^,  i\ 
distinct  methods  should  be  followed  in  arranging  ularms: 

First.  —  AhirmH  shouhl  be  sounded  poriodieully  at  irregtj 
intervals  —  at  a  time  imknowTi  to  the  men, 

»Sef^ond.  —  There  should  be,  in  uddition   to   the  periodii 
alarms,  an  alarm  at  regular  Blateri  intervals,  h^emi-monthly,  a1 
time  knowii  to  the  men  in  advance.     These  latter  driJls  prefer 
should  be  accardinfj;  to  a  prearranged  seheilule  —  at  an  hour  sujJ 
to  the  eonvenif^noe  of  the  business  or  plant   op  orations, 
drill.s  being  designed  for  practice  work  with  the  apparatus 
consurac  soraewhat  more  timci,  as  they  will  ^jraetieally  a^ord  the 
only  means  the  men  will  have  for  training  in  fire  department  work, 

For  detiartmcntT  sforeK  and  other  similar  risks  wher«^  *" 
pubhc  is  present  in  large  mmibers,  the  somiding  of  a  fire  ali 
might  result  in  a  panic  and  would  be  impracticable.  For  tbesi" 
risks  lire  drills  will  nec^^ssarily  have  to  be  held  after  the  close  o( 
regular  business  hours. 

When  shop  or  other  industrial  plants  are  operated  at  nij 
provision  should  be  made  for  fire  drills  similar  t-o  that  for  the 
fon-es.  Frequently  for  large  plants  remote*  from  city  or  to^ 
protection,  operating  only  a  day  shift,  efficient  night  fire  brig: 
fiervice  may  be  had  by  organizing  and  ^irilling  the  watchuK 
cleaners  and  re[>air  men  who  may  be  regularly  employed  at  nig! 
These  men  should  he  subject  to  the  same  general  rules  governing 
the  day  brigade  and  regularly  drilled  to  insure  efficient  handling 
of  all  apparatus. 

For  the  regular  semi-monthly  drills  the  brigade  work  in 
handling  of  apparatus  should  be  thorough  in  e\'cry  re.sj>ect|  cl( 
approximating  actual  fire*  conditions.     It  should   embrace 
making  of  connections  with  hydranhs,  unreeling  and  stretch 
hose,  breaking  and  making  couplings,  carry ing  hose  up  Iadd< 
and  over  roofs  and  through  the  interior  of  buildings,  reaching 
various  timc^  inaccessible  and  uut-of-way  places,  including  si 
basements,   basements,  attics  and   ah   concealed   floor  and   wi 
spaces.     The  drills  should  cover  all  l>uilf lings  and  departments 
order  that  the  men  may  acquire  an  intimate  knowledge  of  I 
interior  arrangement  and  construction,  inclur ling  stairways,  e:< 
and  elevator  shafts,  together  with  location  of  all  tire  hydrants 
connections. 

It  is  important  that  the  men  should  become  practiced 
holding  the  play*pipe  and  in  moving  and  carrying  tlie  hose  Ui 
while  under  pressure  and,  as  a  general  rule,  wator  should  bf 
turned  on  for  all  practice  work,  except,  during  freezing  wealher. 
At  times  when  conditions  are  favorable,  a  sufficient  number  of 
hose  lines  should  be  stretched  to  test  the  maximum  working 
capacity  of  the  distribution  system. 

The  presence  of  aerial  electric  conductors  near  a  plant  or 
building  may  operate  lo  hinder  the  work  of  the  fire  brigade 
through  fear  of  ( lie  consequence  of  contact  with  the  hose  stream, 
in  order  that  the  men  may  aot  be  imuecctisttrily  exposed  to  these 


{and  at  the  same  time  that  the  actual  danger  may  not  be 
nutod  an(J  thereby  tlelay  the  work  of  fire  (^xtinguiesh- 
ment,  it  is  important  that  the  men  be  fully  informed  of  actual 
conditionSj  and  where  assm-ed  of  eompetent  direction  during 
practice  work  it  would  bo  of  consideriible  atlvanlage  to  give 
demonBtrations  on  these  conduetora  where  there  would  be  no 
harmful  result*  It  has  been  shown  as  a  result  of  a  series  of  test-s 
that  hose  streams  of  fre«h  waU^r  may  be  ijlayed  on  a.  c,  conductors 
under  certain  conditions  wdthout  injury  to  the  pipemen.  With  a 
one-inch  nozzle  at  a  distance  of  ten  feet  from  an  a*  c.  conductor 
carrying  4600  volts  there  was  no  appreciable  effet^t  beyond  a  slight 
indication  to  the  hand  of  static  electricity*  In  these  fests  one  wide 
of  the  circuit  was  thoroughly  grounded  and  the  fire  stream  played 
on  the  other  side  which  was  suspended  in  the  air  and  thoroughly 
insulated » 

Hase    Hailses. — Generally    speakingj    nothing    contributes 
more  to  the  efficiency  of  a  private  (or  public)  fire  brigade  than 
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^Nationnl  Standard"  Ytird  Ho3h  House. 


the  ability  to  *'get  water  on  tlie  fire;"  hence  delay  CAtised  by 
bringing  hose  and  other  appliaiit^es  from  some  distant  point  of 
*  the  plant  may  re.su It  in  a  serious  fire,  whent  had  hose  been  acce^j- 
eihle  at  each  hydrant^  little  loss  would  be  probalile.  Also,  it 
should  be  remembered  that  hose,  if  rubber  fined j  deterioratea 
rapidly  when  kept  in  hexited  roouis,  while,  in  the  case  of  fire,  hose 
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and  all  other  applmnces  within  buiUings  may  he  quickly  m\ 
inaccefssible.     Hnu!C    both    ofhciency   and    economy    make 
visaljle  the  iiso  of  yard  hose  houses,  wherein  hose  may  be  attacl 
to  tlie  hydrants,  ready  for  use,  under  conditions  of  ventiiati 
which  will  materially  contribute  to  the  life  of  the  hose. 

Such  hoijie  housas  .should  preferably  be  of  the  ^* National  St 
ard"  tyjM*,  as  approved  by  the  Associated  Factory  Mutual  Fire 
Insurance  Companies,  the  National  Board  of  Fire  Underwri 
and  the  National  Fire  Proteetion  Association. 

Fig.  oS)4*  HUiBtrates  a  hydrant  house  which  is  recommetK 
for  all  liydrants,  antl  especially  for  three-  and  four-way  hy<lran1 
as  the  attach uiei it  of  the  liose  to  the  side  outlets  of  the  li^airunt 
is  made  jxjssibk!  without  any  sliarp  bends.     For  the  fourth 
rear)  outlet,  a  7-ineh  hole  shoukl  be  cut  in  the  back  of  the  hoi 
under  the  lower  shelf,  as  otherwise  the  sharp  bend  necessary 
the  host*  would  prevent  t  he  flow  of  wat4?r,     Bath  floor  and  shel 
should  be  laid  slatted  (not  solid),  so  as  to  a!low  the  free  circuIiF 
tion  of  air. 

Tlirerv  and  four-way  hydrants  should  always  be  of  type  having 
indejicndent  gates  fcsr  eaeh  outlet,  * 

Fig.  :i9o*  illustrates  another  design  of  hose  house  wherein  the 
hydrant  should  be  set  as  close  to  the  front  door  fi8  possible,  alloiJt 
ing  only  sufficient  room  inside  the  door  for  the  attachment 
hose  to  outlet. 

Whatever  the  particular  design,  hose  houses  should  always 
buOt  with  brick  pier  foundations  carried  somewhat  above  tl 
level  of  the  surrounding  ground,  and  with  the  earth  sloped  up 
toward  it,  so  that  good  drainage  may  be  secured,  and  the  bank- 
ing up  of  anow^  obviattnl  as  far  as  possible.  The  doors  should 
sw^ing  at  least  one  foot  clear  of  the  ground.  Ventilation  should 
be  pro%dded  by  making  a  IJ-inch  space  around  the  top  of 
house,  between  the  tops  of  the  w^alls  and  an  apron  board,  \ 
pended  from  the  under  side  of  the  overhanging  roof. 

£qutpiiient  for  Hose  Ilouses.  —  The  Associated  Faci 
Mutual  Fire  Insurance  Companies  recommend  the  follo^ 
equipment  for  each  hose  house: 

One  hundred  feet  of  cotton  rubber-lined  Underwriters'  hose^ 
to  be  idways  coupled  to  hydrant,  and  with  play-pipe  attached, , 
At  least  100  feet  of  extra  hose,  coiled  on  upper  shelf. 

•  For  fraiiuiig  diagrams,  etc.,  see  pamphlet  "Construction  and  EQuiptnd 
oi  Hoae  Houses  for  Mill  Yards,"  issued  by  NatioDiiL  Board  of  Fire  UuderwriK 
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Two  axeSf  two  bars,  four  Bpanners  (Tabor  t>T3e)^  two  addi- 
tional .standard  Underwriters'  play-piiieB,  two  ladder  strap-s,  one 
nozzle  holder  and  one  heavy  mill  lantern. 

One  wTcnch  should  always  be  kept  on  hydrant^  and  a  spare 
one  provided  for  eraergt^nt-y.  Large  hanti-wheels  on  all  yard 
hydrants  are,  however,  the  bent. 

A  supply  of  large  sponges  with  elastic  bands  to  slip  over  the 
head  are,  when  wet,  most  useful  to  assist  nrien  to  enter  snaoky 
roonns. 

In  large  mill  yards  it  i.s  best  to  keep  part  of  the  additional 
hose,  etc.,  on  a  well-equippeil,  two-wheel  earriaj^e,  as  it  can  be 
more  quickly  transported  to  difTerent  part.^  of  the  yard. 


Hose:  Cottiin  Rubber-lined.  — 

For  use  on  the  yard  hy^l rants  of  the  ordinary  factory,  we 
recommend  unjackt'tterl  €Otton  rubberdined  hose.  Specify  that 
it  Ik^  guaranteed  conformable  to  specificatioiiii  of  Associated 
Factory  Mutual  Fire  Insurance  ( ^mipanies. 

FfSr  nine-tenths  of  t he  factory  yards  the  above  hose  is  prefer- 
able to  the  thicker  and  heavier  jacketted  hose  used  bj*  the  city 
fire  departmental  as  it  is  easier  to  handle  and  more  quickly  dried 
and  more  economical  for  the  consumer. 

It  will  not  become  cut  or  injured  by  chafing  nearly  so  easily 
aa  does  linen  hose  when  lying  over  sharp  corners,  and  when  sub- 
ject to  the  slight  ^dbrations  due  to  pulsations  of  tlie  fire  pump. 
There  is  also  much  less  loss  of  pressure  by  friction  in  weE-made 
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rubber-lined  ho^  than  in  linen,  and  this  makes  an  imports 
diflferiTnce  in  the  jei  >vhr*n  length  of  boee  is  more  than  15(»  f< 

Far  rolUng  mills  or  yards  containing  rough  sKirage,  liabtf 
in  entail  heavy  wear,  the  same  hose  may  be  use-d  with  additiai 
of  a  ja/^ket  tH-imjxjsed  of  the  same  kind  of  rot f on  fabric,  (hmj 
forming  an  exrellent  "fire  department  hrjse/'  For  chemi( 
workj*  or  similar  j^ards,  where  acidij  might  injure  the  cotton  fabrk^^ 
we  recommend  solid  rubber  hose.* 

No  hoae  smaUer  in  diameter  than  2|  inches  stiould  be 
The  actual  inside  diameter  of  the  so-called  2i-inch  Underwriti 
hose  18  2i  inches. 

Care  of  Rubber-lined  Fire  Hose.  —  Experience  hss  shown  thirt 
a  good  cotton  nibber-hneti  hose,  properly  cared   for,  will  fre*| 
quently  last  ten  or  even  fifteen  years. 

Do  not  allow  ho«5e  to  rem^iin  on  reels,  or  in  wagons,  if  wet  c 
muddy,  but  remove  all  mud  by  washing  or  brush ing^  and  ex^ 
hose  to  air,  in  towers ^  or  on  racks  and  preferably  at  full  length 
dry. 

Good  makeB  of  fire  hose  are  antijseptically  treated,  and  will 
not  mildew  or  rot  if  Kivcii  ordinary  fire  department  c^re:  bill 
continued  dampness  is  injurious  to  cotton  fabrics,  and  mud  fre- 
quently contains  metallic  or  other  substances  that  are  chemically 
injurious  to  liosOt  if  permitted  to  remain  on  it. 

Unless  hoj^e  is  hkely  to  encounter  a  freezing  teniperature,  i 
is  not  necessary  to  drain  the  water  entirely  from  rubber-Una 
hose,  for  the  rubber  lining  m  not  injured  by  dampjness  within  itH 
but ,  on  tlie  contrary,  it  is  benefited  by  remaining  in  a  moist  coa-^ 
dition.     Ali  rubber-lineiJ  hoae  should  have  water  passed  throu 
it,  at  lea.Ht  two  or  three  limes  a  year,  to  moLsten  the  rubber. 

Hose  is  hable  to  crack  if  bent  while  frozen.     Extreme  cold 
probably  causes  a  slight  deterioration  of  nibber,  but  not  enoug 
Ui  prevent  th(*  storfige  of  hose  in  cold  hose  houses. 

It  is  desirable  to  avoid  the  expoKure  of  rubber  liose  and  i 
rubber  lijiingH  to  very  hot,  dry  air;  ami  hose  shoulil  not  be  ston 
where  exrjosed  to  the  sun^s  rays.     When  hose  must  be  kept  in 
iiot  and  dry  places,  it  is  best  to  i)ass  water  through  it  monthly,! 

It  is  better  to  avoid  short  bends  in  hose  of  any  kind,  buti 
when  necessary  to  st  ore  hose  in  folds,  the  folds  should  be  change 
occasionally  to  avoid  permanent  set.f 

Hydrant  Plpe^^  vs.  Hose. 

The  following  computation  shows  the  economy  of  pipes  and 
hydrant.^,  as  compared  with  liose: 
Fird,     Efficiency. 
(fl)  With  GOO  gallons  of  water  per  minute  flowing  in  6-inch 

*  From  Inspection  DppEirtrrumt  of  the  AsaoPiatpd  Factory  Mutual  Fire 
In^al^Jin■n?  Companies, 

1  See  Imav  B.  Morkey,  in  '"  1907  Prore^'dinipi  of  [atornatioDal  Aaaoci&iiou  u( 
FitV  Eagkieera," 
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ipe  having  an  ordinary  amount  of  rust  in  it,  a  pressure  of  75 
ounds  can  be  maintained  at  the  hydrant,  with  a  pressure  not 
ver  110  pounds  at  the  pumps  1000  feet  distant,  and  this  would 
ive  two  streams  through  50-ioot  lines  of  hose  and  IJ-inch  nozzles, 
ith  60  pounds'  pressure  at  nozzles. 

(b)  This  same  pressure  of  110  pounds  would  deliver  through 
300  feet  of  best  cotton  rubber-Uned  hose  and  a  li-inch  nozzle 
ily  190  gallons  of  water,  while  the  pressure  at  nozzles  would  only 
3  25  pounds,  which  pressure  can  hardly  be  considered  fair  for  a 
re  stream. 

The  great  superiority  of  the  pipe  over  hose  is  therefore 
ndent  as  it  would  require  256  pounds'  pressure  at  pump  to 
3Uver  600  gallons  of  water  through  two  1000-foot  lines  of  C.  R.  L. 
3se  with  l|-inch  nozzles.    This  is  manifestly  impracticable. 

Second.     Cost. 

(a)  1000  feet  6-inch  C.  I.  pipe  at  0.98   .    .       $980.00 
One  two-way,  frostproof  hydrant   ...  30.00 

100  feet  2f-inch  C.  R.  L.  Underwriter 

hose 65.00 

Two  nozzles 10.00 


$1085.00 


(6)  Two  lines  of  1000  feet  each  2f.inch  C.  R. 

L.  Underwriter  hose  at  0.60  per  foot    .       1200. 00 
Two  nozzles 10.00 


$1210.00 
Difference,  $125  in  favor  of  C.  I.  pipe. 
Third.    Durability  and  Quickness  in  Service. 

As  regards  these  there  can,  of  course,  be  no  comparison, 
as  every  consideration  is  in  favor  of  the  pipe.* 

*  See  "Slow-Buming  or  Mill  Construction,"  Boston  Manufacturers'  Mutual 
ire  Insurance  Co.,  Revised  Edition,  1908. 


CHAPTER  XXXVI. 

INSPECTION    AND    MAINTENANCE    OF    FIRE    PRO- 
TECTIVE DEVICES. 

Importance  of  Inspeetion  and  Maintenance.  —  The  value 
of  fire-resisting  equipment,  whatever  its  nature,  is  dependent 
upon  effective  maintenance  and  proper  working  order.  Eflficient 
maintenance  is  particularly  vital  to  the  insurance  companies  who 
insure  property  containing  such  equipment,  for  the  obvious  reason 
that  definite  rates,  probably  involving  allowances  or  deductions 
in  premiums,  are  fixed  on  the  assumption  of  the  effective  opera- 
tion of  such  equipment.  But  the  insured  often  seem  interested 
principally  in  securing  insurance  rates  as  low  as  may  be  possible, 
thereafter  leaving  the  equipment  to  care  for  itself,  without 
adequate  inspection  or  repair,  and  often  without  the  sui>ervi8ion 
or  charge  of  some  one  famihar  with  operation.  The  idea  of  look- 
ing at  fire-resisting  equipment  in  the  nature  of  an  investment,  — 
an  investment  against  fire  loss,  interruption  to  business,  or 
against  increased  insurance  premiums,  —  which  will  return  good 
dividends  in  the  economies  and  safeguards  provided,  does  not 
seem  to  strike  many  owners  in  any  light  comparable  to  the  in- 
vestment of  an  equal  amount  of  money  in  any  branch  of  their 
active  operations.  And  yet  the  neglect  of  such  equipment  may 
and  often  does  mean  quite  as  sure  a  financial  loss  as  carelessness 
or  oversight  in  regular  business  matters. 

Automatic   Sprinklers. 

In  Chapter  XXX  the  statement  was  made  that  the  fire  risk 
in  any  ordinary  mercantile  or  manufacturing  building,  which  is 
protected  by  an  adequate  and  approved  automatic  sprinkler 
system,  becomes  almost  nil,  provided  the  system  is  properly  in- 
spected and  maintained.  The  typical  sprinkler  fires  described  in 
the  same  chapter,  and  the  data  concerning  the  efficiency  of 
sprinkler  installations  or  the  causes  of  their  failure  —  as  shown 
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iDy  the  liibulated  records  of  the  National  Fire  Proter'tion  Ass«>- 
c^iiiliim — wiirrant  the  same  freneral  conclusion,  numciy,  that 
-automatic  sprinklera  will  usually  accompli.sh  all  that  niay  reat^on- 
^hly  be  expected  of  them,  if  the  installation  is  kept  in  proper 
arepair  in  full  pUective  working  order. 

»Ciireful  ins*pection  and  maintenance  of  sprinkler  systems,  of 
"whatever  type,  are  therefore  of  paramount  importance. 

f^tatistics  of  sprinkler  fire.s  show  concilu^^ively,  w^  was  more 
fully  jTOinted  out  in  Chapter  XXX^  that  tlie  greatest  looses  are 
not  due  to  exclusive  or  unreasonable  demands  made  upon  the 
sprinkler  equipment,  but  to  the  S3^8tem  being  out  of  order  or 
.  inoperative  at  the  critical  momentj  through  cau-ses  which  are 
I  usually  remediable  with  intelligent  supervi.^ion  and  maintenance, 
p  Such  causes  are,  primarily,  weak  and  defective  water  supplies 
and  fikised  valves.  Other  causes  include  freezing  of  watcT  in 
pipes  or  tanks,  defective  or  inoperative  hea<ls,  obstruction  to 
distribution,  improper  repairs,  ill-consiilereil  changes  made  in 
^  premiseH,  and  lack  of  Buper^ision  and  familiarity  with  apparatus. 
These  fxissibilitie.'^  and  theu-  proper  correetion  will  be  briefly  out- 
lined, especially  from  the  stancipoint  c>f  installations  where  central 
station  supervisory  service  is  not  emiiloyerl.  Of  course  such 
features  of  maintenance  and  proper  working  order  an  water-tlow 
alarm,  closed  valves,  freezing  of  tanks,  low  air-  or  steam-j>ressure, 
etc.,  are  most  adequately  guarded  against  through  central  station 
connection  and  supervision,  as  described  in  Chapter  XXXl^ 
page  919, 

Water  Supplies.  —  Points  requiring  particular  attention  are 
as  follows: 

Two  independent  water  supplies  should  he  mjiintained  under 
BufRcient  pressure  at  all  times,  but  if  one  supply  is  temporarily 
out  of  service^ — as  during  necessarj^  rcpaLry^  — the  secondary 
pupply  must  be  in  perfect  working  order  and  maintaining  good 
pressure  on  all  sprinklers  and  other  parts  of  the  equipment. 

The  whaler  supply  must  not  be  obstructed  by  means  of  water 
meters  or  pressure  regulating  valves. 

Gravity  tanks  sfiould  be  kept  full^  ami  both  tanks  and  pipes 
connecting  to  same  must  be  amply  irrolected  against  freezing. 
Tanks  may  be  heated  by  attaching  near  base  of  tank  riser  a  so- 
called  ''tank  heater"  which  operates  by  hot  water  circulation. 
A  coil  inside  the  heater  in  attached  to  the  steam  supply.  The 
water  in  the  shell  of  heater^  surrounding  the  coil^  passes  up  to 
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the  tank  through  a  smalJ  flow  pipe.    The  return  circulation 
taken  from  the  tank  rls-er;  where  a  thermometer^  on  the  reti 
pipe,  shows  the  temperature  of  coldest  water  in  tank  or 
If  the  tank  is  exposed  to  the  weather,  a  double  cover  —  the  up] 
to  be  conical  in  shape  —  witli  air-Kpaee  between^  is  also  necessar)'. 

Pressure  tanks  should  be  kept  two-thirds  full  of  water  and 
under  adequate  air-presaure. 

Steam  fire  pumps  should  be  maintained  with  steam  pressure 
It  Ihe  throttle  valve  at  all  times.     They  should  be  tested  weekl] 
by  diseharpin^  full  capacity  tlirough  the  relief  valve,  in  additw 
to  which  a  comp>lete  test  should  be  made  two  or  three  times 
year. 

Rotary  pumps  should  be  turned  over  weekly,  and  giv^en  a  com- 
plete test  two  or  three  times  a  year.  They  should  also  be  kept 
well  oiled,  as  "ruat  and  usage  will  impair  the  efficiency  of  a  rotary 
pump  more  quickly  and  to  a  much  greater  degree  than  of  an 
UnderwTiters'  5leam  putnp,"* 

Valves.  —  In  Chapter  XXX,  dealing  witJi  automatic  sprift* 
klers,  etc,  the  subject  of  vaives  was  left  for  later  consideration 
the  reason  that  this  detail  of  sprinkler  installation  is  most 
timately  connected  with  and  dependent  upon  careful  iiLspecti* 
There  is  little  doubt  that  more  so-called  sprinkler  '* failures**  hai 
been  due  to  closed  valves  than  to  most  other  causes  of  failure 
put  together. 

The  principal  valves  used  in  sprinkler  systems  are  of  twa 
general  typejs  —  those  located  on  the  main  piping  connecfiog 
water  supplies,  and  those  local e<l  on  the  distributing  or  s] 
kler  supply  pipes.     AU  of  these  mu^':t  be  of  the  "out-side  screw 
yoke"  or  other  approved  indi editor  pattern. 

For  the  piping  connecting  each  source  of  water  supply 
the  sprinkler  system,  approved  practice  requires  separate  gal 
and  check-valvps. 

*^  Gale-vahms  should  be  located  close  to  the  supply,  as  at 
tank,  or  near  base  of  tank  trestle,  pump,  or  in  the  pipe  connecti 
the  riser  with  the  water  works  system."! 

It  is  not  always  advisable  to  follow  this  rule  literally  in  coll 
nection  with  gravity  lank  suppHej?.  For  instance,  if  tank  is  oa 
a  trei^tlet  gate- valve  should  be  at  bottom  of  trestle,  preferably  il 
post  indicator*valve  in  the  underground  pipe  near  where  tank 

*  Croaby  and  FIske. 

t  Ruled  a,ad  Rcquircm&iitB  of  Natiomd  Board  of  Fire  UndienrntecA. 
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riser  cDters  ground.  If  tank  m  on  a  framework  over  roof  of 
building  or  over  a  tower,  and  gate-viilve  h  located  directly  under 
tank,  it  would  be  difficult  of  access  and  hard  to  ins[>ect.  It 
should  be  locate<l  in  Ihe  nearest  available  place,  such,  for  in- 
stance, aa  the  upper  story  of  building.* 


i 


Check'Valws  must  be  of  '^straightway'-  pattern,  placed  pref- 
erably in  horizontal  position,  unless  especially  designed  for  ver- 
tical position.  Underground  check- valves  should  be  located  in 
pits,  which  should  be  accessible  through  man-holes,  tight  enough 
to  exclude  ground-  or  surface-water^  and  proof  against  freezing, 
Check-valvea  should  always  be  easy  of  access,  as  they  require 
occasional  repairing  or  cleaning  out. 

Fa/res  on  Sprinkler  Supply  Pipeii.  —  The  rules  of  the  National 
Board  require  "each  syslern  to  be  provided  with  a  gate- valve  so 
located  as  to  control  all  sources  of  water  supjdy  except  from 
steamer  eonnections.  All  gate-valvea  controlling  automatic 
water  supplies  for  sprinklers  should  be  located  where  easily 
visible  and  readily  accessible."  In  other  words,  there  must  be 
one  gatt?-valve  on  every  s>'stem  of  pijiing  whicli  can  hv  cIos(*d  at 
a  moment's  notice,  thereby  shutting  off  every  automatic  water 
supply.  Tlus  is  to  j>rcvcnt  tlie  water  damage  which  would  other- 
w^iae  ensue  from  broken  or  defective  heads,  or  from  heads  con- 
tinuing to  discharge  after  ha\^ng  accomplished  their  office  by 
extinguishing  some  snmll  blaste.  The  accessibility  of  sprinkler 
valves  is,  therefore*,  very  important;  for  if  coneeaJed  or  ob- 
structed by  stock  or  goods,  or  if  placed  beyond  easy  reach,  much 
valuable  time  may  be  hmt  before  possible  w^ater  damage  could  be 
discontinued.  If  valvt^s  are  located  so  that  they  cannot  be 
reached  from  the  floor,  a  permanent  ladder  should  be  provided. 

Sprinkkr  gate-va!v€s  7nusl  be  kept  open.  This  is  axiomaticj 
and  yet  the  experience  of  tho&e  entrusted  with  the  inspection  of 
sprinkltTcd  rii^ks  shows  that  literally  hundreds  of  instalktions 
are  rendered  null  and  void  e\Try  year,  for  greater  or  less  periods 
of  time,  because  one  or  more  sprinkler  valves  are  closed.  The 
National  Fire  Protection  Association's  statistics  of  unsatisfactory 
sprinkler  fires,  before  quoted,  show  that  Zi  per  cent,  of  such  firea 
for  the  years  1897  to  1911,  inclusive,  were  due  to  water  being 
fihut  off  — usually  for  '* unknown  reason,  neglect  or  eareless- 
Deas.'*     The  condition  of  sprinkler  valves,  and,  in  fact,  of  all 


I 


I 
I 
■ 

I 


♦  '*RitDd-Book  of  Fire  Protection  for  Improved  Kiaka;"  Crosby  and  Fluke. 
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valves  on  the  system,  therefore  constitutes  the  most  important 
feature  in  sprinkler  inspection  and  maintenance. 

The  best  method  of  providing  against  dosed  valves  is  tfirougft 
the  use  of  central  station  supervisory  service,  as  esqdained  in 
Chapter  XXXI,  page  919;  but  if  such  supervision  is  not  avail- 
able, or  is  not  used,  each  valve  should  be  secured  open  by  means 
of  a  leather  strap  with  a  ring  riveted  to  each  end,  throu^  idiidi 
a  padlock  can  be  inserted  and  locked.  In  case  of  emergency, — at 
to  prevent  water  damage,  —  the  strap  can  be  cut;  but  otherwise, 
accidental  or  careless  closing  could  only  be  accomplished  wil* 
fully.  .  The  kejrs,  which  should  be  of  uniform  pattern  for  all 
padlocks,  should,  of  course,  be  .entrusted  only  to  those  in  re- 
sponsible charge  of  the  system.  It  is  essential  that  some  one 
man  be  held  responsible  for  the  condition  of  all  valves,  and,  to 
provide  for  his  possible  absence,  an  assistant  should  be  added. 
Both  should  be  thoroughly  familiar  with  the  location,  operation 
and  uses  of  all  valves,  and  keys  to  valve  padlocks  should  be  in 
no  other  hands  save  one  at  the  o£Bce  of  plant  or  building  for 
use  of  owner  or  superintendent. 

Inspection,  —  All  valves  should  be  inspected  at  least  weekly, 
or  preferably  daily.  A  check  inspection,  say  weekly,  by  some 
independent  employee,  is  also  to  be  recommended  to  prevent 
carelessness  on  the  part  of  those  held  directly  responsible.  Rec- 
ords should  be  kept  of  all  regular  inspections,  giving  data  as  to 
condition  of  valves,  when  and  why  closed,  and  when  re-of>ened. 
(See  later  paragraph  '*  Self-inspection  by  the  Property  Owner.") 

The  inspection  of  gate-valves  should  include  giving  a  quarter- 
turn  to  make  sure  that  they  can  be  operated  in  time  of  need. 
This  is  of  especial  importance  where  corrosive  tendencies  are 
present. 

The  tagging  or  labeling  of  gate-valves  is  also  advisable,  so 
that  in  time  of  emergency  there  may  be  no  question  as  to  just 
what  system  or  systems  each  valve  controls. 

Valves  intended  to  be  used  only  in  case  of  repairs  should  be 
locked  open  by  chains,  rather  than  strapped,  to  prevent  tam- 
pering with. 

Freezing  of  Water  In  Pipes.  —  Lack  of  water  in  sprinkler 
systems  results  more  frequently  from  freezing  than  from  any 
other  cause  save  carelessly  closed  gate-valves.  It  is  therefore  a 
fundamental  requirement  that  buildings  containing  wet-pipe 
sprinkler  installations  must  be  adequately  heated  throughout, 
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for  a  "freeze-up"  in  the  piping  or  iit  .sprinkler  heads  may  not 
only  cause  the  temporary  tie-up  of  tlie  system  until  it  can  be 
|,|hf^wed  out,  but  may,  also,  result  in  serious  water  damage. 
Special  watchfulness  i«  therefore  necessary  in  severe  freezing 
weather,  particularly  at  such  exposed  or  poorly  heated  locationa 
as  hallways,  attics,  towers,  dormer  windows,  roof  monitors,  etc., 
as  well  as  near  open  windows,  transoms  or  vent ilalors,  where  the 
ordinary  rcquirc^ments  of  ventilation  will  sometimes  be  HufRcient 
to  freeze  nearby  heads. 

In  a  recently  completed  retail  store  building  in  Boston,  a 
sprinkler  pipe  extending  into  an  unlioated  frcM^^lit  elevator  shaft 
became  so  frozen  during  a  spell  of  very  cokl  weather  that  the 
expansion  of  the  ice  in  the  piping  caused  the  breaking  off  of  a 
eection  several  feet  long.  The  first  knowledge  of  the  mutter 
was  upon  the  discovery  of  the  section  at  tlie  bottom  of  the  shaft. 
Great  water  damage  wiis  prevented  only  by  the  remaining  stub 
of  the  piping  being  ako  fro^sen  solid . 

Dry-pipe  systems  must  be  carefully  drained  to  see  that  no 
water  collects  or  remains  in  the  piping.  If  the  system  is  con- 
verted from  a  wet-pipe  into  a  dry-pipe  system  during  cold 
weather,  the  drip  pipe  should  be  opened  and  tested  for  several 
consecutive  days  after  the  change,  in  order  to  insure  the  drainage 
of  all  water. 

Testing  Water  Pressure.  — 

A  simple  and  effective  method  of  testing,  to  determine 
whether  there  is  water  in  the  pipes  under  pressure,  is  by  means 
of  the  drip  or  drain  pipe,  localwl  UKually  over  or  near  the  shut-off 
valve.  On  the  main  feed  pipe,  about  a  foot  beyond  the  drip  pipe, 
there  should  be  a  pressure  gauge  which  registers  ordinarily  the 
normal  or  static  pressure.  Fn  mienl  reading  of  tlie  gauge  will 
show  the  normal  pressure,  prov^ided  water  is  dincharged  at  some 
point  in  sufficient  quantily  to  relieve  any  excess  pressure  that 
may  be  *' bottled  up''  in  the  system  antl  held  there  by  the  check- 
valves.  Any  material  variation  from  tlie  normal  pressure  is 
easily  determined. 

Normal  or  static  pressure,  however,  is  not  conclusive  evi- 
dence of  the  condition  of  the  water  supply,  the  real  question 
taking  lus  to  whether  the  pressure  will  be  jnaiutained  approxi- 
mately in  ease  of  a  drain  on  the  system,  such  as  occtirs  when 
ficveral  sprinklers  oj>erate.  The  proper  way  to  determine  this 
point  is  to  o|xm  wide  the  drain  or  drip  pipe  aiitl  note  tlie  drop  in 
pressure  at  the  gauge.  These  drip  pipes  are  usually  1^  or  2  inehea 
in  diameter,  and,  with  a  good  water  supply,  the  drop  in  pressure 
should  not  be  more  than,  say,  10  per  cent.,  it  being  generally  much 
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lesB  than  that.  If  the  drop  \m  morp  than  25  per  cent.^  it,  shoi 
probably  either  a  weak  water  supply  or  trouble  somewhere,  su< 
as  a  partly  closed  valve  or  clogged  fcefl  pipe.  A  few  tests  and 
known  normal  conditions  will  *^tablish  the  drop  in  pressure  k 
any  particular  system,  and  any  material  change  catb  for  furti 
investigation.  While  a  test  of  this  kind  iloe«  not  prove  an  un- 
limited or  unobstructf^  water  supply,  it  does  determine  to  some 
extent  that  approximately  normal  conditions  exist.  It  is  not 
neeessary,  nor  in  it  generally  desirable,  to  leave  the  drip  valve 
open  for  any  length  of  time.  If  the  pressure  continues  to  drop 
little  by  litt  le,  there  ih  prohahlv  trouble  of  a  fjcrious  nature.  The 
drip  pipe  .should  alwaj^s  have  an  unobstructed  outlet,  with  pi 
vision  for  laking  care  of  tmy  water  that  may  be  discharge<L 

The  test  pipe  generally  provided  at  top  of  a  ri.ser  m  of  htl 
if  any  value  in  determining  the  condition  of  the  water  suppl 
Such  pipes  are  usually  one-half  inch  in  diameter,  and  the  amo( 
of  water  di.scharged  can  have  but  very  httle  effect  on  the  presst 

A  weekly  tpi?t  of  1  he  drip  pipe  would  not  seem  too  frequer 
and  the  gauges  should,  of  course,  be  inspected  daily,  particulai 
the  piauge  on  the  walcr  supfily  pijie  before  it  reaches  the  cc 
troUing  valve,  for  that  gauge  would  generally  show  whether 
Bupply  is  in  tservice. 

Too  much  emphG:iis  cannot  be  Imd  an  the  value  of  the  neater  fl( 
or  drrp  pipe  test.     By  means  of  this  test  inspectors  frcqueni 
find  imi>ortant  defects,  such  as  post  gates  closerl  where  they 
*'openj '  and  water  works  gates  partly  or  nearly  closed.* 

Defective  Heads:  Carroslon.  —  The  prompt  automal 
action  of  the  sprinkler  heads  is,  of  course,  almost  as  important  a 
consideration  as  the  presence  of  ample  water  supply.  Withoijt 
BufEcient  water  supply  and  pressure,  sprinkler  heads  are  of 
little  value;  and,  conversely,  the  best  of  water  supplies  is  of 
little  use  unlcfls  automatically  controlled  hy  sensitive  and  relia] 
heads.  The  inspection  of  sprinkler  heads  is,  therefore,  of 
most  vital  importance,  and  deterioration,  disintegration 
corrosion  munt  be  guarded  against  to  insure  that  protect] 
which  is  expected  of  a  .sprinkler  installation. 

In  only  too  many  instances  the  sprinkler  heads,  after  onoe 
being  instaDetl,  are  left  to  care  for  themseh^es,  and  dirt,  du»t, 
lint  and  other  floating  particlen  art^  allowed  to  accumulate  upon 
them  until  the  reliability  of  the  head  action  is  a  serious  questii 
Sprinkler  heads  should  therefore  be  dusted  or  cleantxl  as  ofl 
aa  may  be  necessary  to  keep  them  clean  and  bright  and  as  ne^r 
their  original  condition  as  possible.  Whitewashing,  painti; 
gilding,  etc.,  of  heads  should  never  be  permitteij,  as  the  sensitr 

♦  See  '^^The  Care  of  Automatic  Sprinkler  Sjtiteuui,"  by  H.  A.  Fiake,  iMut- 
mice  Engineerinij^  JaQuary,  1807. 
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[  ness  and,  indeed,  the  very  operation  of  the  etruf  h  or  valves  is 

[irreparably  mjured* 

DisinU'gration  and  corrosion  are  also  »ourci>«  of  danger,  due 

;  to  the  action  of  acid  fumes  or  vapors  upon  the  metallic  portions 

k  of  the  heads.  Hence  in  manufacturing  plants  employing  such 
acids  as  nitric,  sulphuric  or  muriatic,  disintegration  or  chemical 
changes  are  liable,  in  time,  to  cause  the  failure  of  the  fusible 

I  ©older,  or  Ihe^adhesion  of  difFercni  jnc^tallic  parts,  ho  as  to  make 
tlii*  head  inoperative.  In  such  plants,  and  indeed  in  all  cases 
where  normal  atmospheric  conditions  are  not  present,  more  than 
ordinary  care  must  be  taken  to  see  that  all  heads  are  frequently 
inspected,  and,  in  case  of  doubt,  tested.  Wlienever  willing  or 
onlinary  brushing  does  not  show  the  sprinkler  to  be  clean  and 

^  bright,  there  is  likely  to  be  danger* 

Corrosio7i  Teals ,  recommended  by  the  Western  Factory  In- 
Burance  Association  of  Chicago,  arc  as  follows: 

I  Ordinary  corrosion  te^ts  are  Nos.  1  and  2  as  below.     Test 

sprinkler  heads  exposed  to  corrosive  influences  by  any  or  all  of 
the  following  testdt 

1.  Test  any  jxirtion  of  the  exposefl  fusible  solder  by  apply- 
ing the  point  of  a  knife  like  a  chiseL  Note  whether  tlie  solder 
wiU  curl  or  twist  as  a  chip.  If  the  solder  is  brittle,  or  crumblea 
fuid  will  not  curl,  the  sprinklers  have  failed  to  pasH  the  test. 

2.  Plunge  the  sprinkler  into  hot  fluid,  approximately  50 
degrees  hott-er  than  the  theoretical  fusing  point  of  the  sprinkler. 
Note  if  it  opens  satisfactorily  within  W  sccondii.  For  ordinary 
sprinklers  this  test  does  not  require  a  thermometer,  as  boihng 
w-ater  is  50  degrees  hotter  than  a  162-degree  head. 

3.  Test  sample  sprinklers  in  the  field  in  a  japan  oven,  dry- 
kiln  or  other  factory  not  box,  allowing  time  at  discretion  anil  50 
degrees  higher  temperature  than  the  theoretical  fusing  pointH  of 
the  heads.     Not«  if  sprinkler  fuses  properly*  *^ 

Failure  to  pass  any  of  the  above  tests  may  be  t^ken  as  suffi- 
cient ground  for  requiring  renewal  of  the  sprinklers.  It  must 
be  borne  in  mind  that  corrosion  sometimes  seriously  affects  sol- 
der^  although  the  head  may  show^  very  little  injury.  In  other 
cases  the  head  may  look  very  badly,  but  not  be  much  injured. 

Sprinkler  heads  subject  to  corrosive  tendencies  should  always 
be  protected  by  some  ant  i-eorrosive  coating,  ai  the  lime  of  initial 
instaUatimi^  and  not  while  in  place  after  corrosion  has  started. 
One  of  the  best  protections  is  a  wax-like  coating  called  "Corro- 
proof."  Paraffine,  paint,  leatl  coatings  and  asphaltum  have 
generally  been  found  to  be  of  Httle  protection,  if  not  absolute 
failurea. 


994         FIRE   PREVENTION   AND   FIRE   PROTECTION 

"Hard-heads,"  or  sprinklers  operating  at  high  temperatures, 
should  be  used  as  sparingly  as  possible.  The  records  of  sprinkler 
fires  show  that  inoperative  heads  of  this  character  have  been  the 
cause  of  serious  fires. 

There  should  be  maintained  on  the  premises  a  supply  of 
extra  sprinklers  (never  less  than  six)  to  replace  promptly  any 
fused  by  fire  or  in  any  way  injured.* 

Interference  to  Distribution.  —  It  has  been  stated  in  Chap- 
ter XXX  that  sprinkler  protection  is  based  upon  the  principle  of 
controlling  fire  at  its  point  of  origin,  thus  insuring  a  minimum 
fire  damage  through  the  use  of  a  minimum  supply  of  water. 
Manifestly  this  result  can  be  secured  only  by  allowing  each 
individual  sprinkler  head  fully  to  wet  down  the  area  of  floor 
space  allotted  to  it,  and  if  either  permanent  or  temporary  ob- 
structions to  such  distribution  of  water  are  allowed  to  exist,  the 
whole  scheme  of  sprinkler  protection  is  vitiated. 

If  the  original  installation  is  made  in  conformity  with  the  best 
practice,  all  such  locations  as  have  previously  been  mentioned 
(in  Chapter  XXX)  would  be  supplied  with  sprinklers,  but  tenants 
are  later  very  apt  to  introduce  shelving,  benches  or  large  tables, 
overhead  storage  racks,  platforms,  etc.,  all  of  which^form  water- 
sheds which  introduce  a  large  element  of  danger.  When  any 
such  features  are  introduced,  the  necessary  heads  should  be  added 
at  once. 

In  addition  to  the  above  mentioned  permanent  obstructions, 
teini)orary  interference  to  water  distribution  is  often  caused 
by  the  stacking  up  of  stock  or  contents  to  too  great  a  height. 
"  Sprinkler  Jioads  must  be  kept  free  to  form  an  unbroken  spray 
l)lanket  for  at  least  two  feet  under  the  ceiling  from  sprinkler  to 
sprinkler  and  sides  of  room.  Any  stock  piles,  racks  or  other 
obstructions  interfering  with  such  action  are  not  permissible." 

Dry-pipe  and  Alarm  Valves.  —  The  several  different  types 
of  dry-pipe  and  alarm  valves  involve  different  methods  of  test 
and  maintenance.  The  insurance  interests  having  jurisdiction 
will  be  more  than  willing  to  instruct  carefully  any  competent 
person  who  may  be  placed  in  charge  of  these  vital  features. 

Repairs  in  Equipment.  —  The  large  number  of  fires  in 
sprinkleretl  risks  which  have  assumed  serious  proportions  as  the 
direct  result  of  inipro|)er  rc^pairs  in  the  sprinkler  system,  points 

*  Rules  of  National  Board  of  Fire  Underwriters. 
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■to  the  absolute  necessity  of  having  such  repiiirs  made  as  ex- 
IpedUiousIy  as  possiblcj  and  by  th&roughlij  campdent  jnechanics. 
I  Interruption  to  service,  for  whatever  cause,  constitiites  a  menace, 
I  hence  the  lesw  the  .service  is  interrupted,  and  the  sooner  it  can 
I  be  fully  restored  J  the  better. 

In  ahnost  all  erases  the  portion  under  repair  can  be  cut  off 
'  from  the  rest  of  the  system  by  the  use  of  a  blank  flange  or  cap, 
and  the  protection  aa  a  whole  kept  in  serviee  with  practically  no 
interruption.  ...  Of  the  many  gate-valves  found  closed  by  in- 
spectors, probably  most  of  them  are  due  to  repairs — the  engi- 
neer, pi|ier  or  wltoever  ilid  the  work  having  forgotten  to  open 
the  gate.     Frequently  weeks  elapse  before  this  is  dLjcovereil,* 

Such  continued  overflight  of  a  closed  valve  could  only  be 
possible,  however,  where  a  particularly  inefficient  or  careless  man 
was  placed  in  charge  of  the  weekly  valve  inspections. 

Changes  In  Preniise.s.  —  The  fin^  in  ihe  building  of  the 
Baldwin  Locomotive  Works  at  PhUadelphia  —  briefly  described 
in  Chapter  XXX  —  furnishes  an  excellent  example  of  the  con- 
sequences attendant  upon  careless  or  dl-considered  changes  in 
premises.  A  draughting  room  had  been  partitioned  off  at  one 
end  of  the  third  story,  and,  "in  putting  in  the  ceihngof  this  room^ 
the  sprinklers  had  been  removed  and  not  replaced.  .  .  .  Un- 
fortunately the  water  was  shut  off  from  tlie  sprinkler  equipment 
in^the  w^hole  group,  the  valve  controlling  same  being  closetL"  As 
is  not  infrequently  the  case,  the  fire  originated  and  spreatl  in  the 
one  location  where  sprinkler  protection  had  been  omittetL 

Changea,  re^tirrangenwnlH  tind  mkUtion^  to  itemises  shouldf 
therefore  J  include  equipment  of  a  standard  vqual  or  sftiterior  to  the 
balance  of  risk.  If  haportant  changes  are  contemplated^  such  as 
additional  floors,  the  partitioning  off  of  rooms,  or  exUmsions  or 
aiiditions,  the  insurance  authorities  should  be  consulted,  and  the 
work  turne<l  over  to  sonjp  reliable  sprinkler  company. 

Change  in  occupancy  may  also  require  changes  in  the  degree 
of  sensitiveness  of  the  heaiis  employeii. 

Famillartty  with  ApparatUJii.  —  Fire  protection  and  main- 
tenance should  not  be  made  subservient  to  other  regular  duties. 
Repeated  experience  !ms  shown  that  the  inspection,  maintenance 
and  general  famiharity  with  fire  protection  apparatus  ahould  be 
made  a  sejmrate  duty;  and  that  such  duties  shoukl  ln^  ast^timed 
only  by  those  fully  competent  to  keep  all  apparatus  in  effective 
*  H.  A.  1' wke. 
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operation,  anrl  competent  to  grasp  intelligently  all  emergence 
in  cjiH*'  of  firp. 

Rules  for  Sprinkler  Maintenance.  —  The  following  : 
regarding  1  he  care  of  c^prinkler  systems  have  been  recommend 
by  tlie  Underwrittr-s'  Bureau  of  New  England,  as  reducing  i 
chance  of  a  diisastroas  fire  to  a  minimum: 

1»   Sprinkler  valves  to  be  kept  open  at  all  times.     Valves! 
be  strappetl  with  leather  straps,  iind  to  be  regularly  insptecti 
weekly  by  stani*  reiipun.sibU^  |ierson,      Bprinklers  are  worthies 
if  valve  eontroUing  them  is  shut. 

2.  In  c;i-s<^  of  fire  have  sprinklers  whieh  open  replaced 
water  tunied  un  tit  tmee.  Keep  a  man  stationed  at  sprio 
valve  until  it  is  < opener L 

3.  Kwp  at  leawt  12  extra  isorinkler  heads  on  hand  at 
times.     In  c:ise  you  have  raany  higli  teal  heads  in  your  plj 
keen  extra  high  fesr  heads  on  fiand  also.     We  suggest  that  thej, 
be  kept  on  a  rack  or  in  a  glass-front  cupboard  in  engine  rood 
office,  or  other  suitable  place, 

4.  Have  watchman,  engintM^r,  superintendent,  foreman  ; 
others  instructed  tis  to  locLition  of  sprinkler  valves  and  extg 
sprinklers.  Al^o  to  take  the  follcnving  stopss  in  case  of 
1st.  Call  fire  department  or  other  help.  2nd.  Endeavor  to  « 
tingnlsh  fire,  3rd.  When  absstdiitely  sun?  that  fire  is  out, 
off  valve  controlling  sprinklers  that  o|»enBh  4tlK  Replace  tha 
sprjniders  with  others  of  same  melting-point,  and  turn  on  wat< 
at  once.  5th.  Sweep  up  water  and  try  to  prevent  unnece 
damage. 

5.  Keep  water  supplies  in  service  at  all  times.     Tanks  to  I 
kept  full  and  free  frooi  ice.     Pumps  to  be  started  weekly,  etc. 

6.  Hire  only  reliable  watchmen  and  engineers.     Many  eoa 
panics  leave  their  viilutible  plant  for  nearly  half  the  time  in 
handB  of  ignorant,  low-prieixl  watchmen  who  are  useless  or  m« 
than  useless  in  an  emerge ncy. 

7.  Do  not  build  additions  to  your  plant  without  first  notify- 
ing your  insurance  agent.     Have  8]>rinkier  equipment  and  oth 
fire  apphances  installed  as  soon  as  possible,  an<l  in  any  eve 
before  the  addition  k  use<l  for  mmiufacturing  purposes. 

8.  Do  not  build  partitions  or  store  goods  that  will  intcrf€l 
with  sprinkler  distribution. 

9.  Clomi  cold  weather  valves  November  1st,  and  open  thd 
promptly  Aprd  1st. 

1th  Replacf?  all  sprinkler  hetwis  that  appear  noticeably  l 
roded  or  injured  in  any  other  way.  If  in  doubt,  have  a  few  jiot 
tested. 

Self -Inspection  by  the  Property  Owner  is  recommended  I 
Mr.  Fiske*  to  be  made  iis  follows  at  regular  weekly  intervals*  ^ 
records  of  such  inspection  to  be  kejjt  on  file  for  reference: 

•  Sew  Jiwwraayj  Euuuwwrin^u,  J*tiuttr>',  19U7. 
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PrintrMl  list  of  iDside  sprinkler  gate  valves,  each  being  niim- 
bercti  and  having  a  space  to  iiute  whether  or  not  o|>en  and 
fit  rapped*  Under  this  list  there  should  be  several  blank  lint^ 
to  note  reasons  for  cloned  or  unstrapped  gates,  v^alves  not  examined, 
drip  pipei^  loft  partly  o|M>n  or  leaking,  etc. 

Similar  liat  of  outride  post  f^ate-valvcs. 

List  of  all  other  fire  protection  valves,  such  iia  those  on 
etandpipe  or  at  jjump. 

Automatic  aprinklera  —  Comlition,  dirty  or  corroded?  Ob- 
Btructed  in  any  way?     Stock  a  .sufficient  distance  below  ceiling? 

List  of  pressure  gauges^  with  blaidv  spaces  to  note  pressure's- 

List  of  sprinkler  alarm  cockii  or  valves  controlling  the  alarm, 
open  and  strapped?     When  la^^t  tested,  and  condition? 

List  of  dry-valves,  number  and  location.  Space  to  designate 
whether  air  or  water  is  in  pipe3^  and  air  preasure  at  each  valve. 
General  condition  of  valves,  mcluding  latches,  hand-plates,  etc? 
l^ave  a  few  lines  to  note  any  system  that  Uiia  been  flooded  with 
water  since  la«t  inspection,  and  reason.  Hystems  proijcrly 
drained? 

Gravity  Tank.  —  Full  or  not?  Fr<?<.^  froo)  ice?  Telltale 
in  order?     Condition  of  hoops? 

Pres^sure  Tank.  —  VVatex  level  at  proper  point?  Air-pres- 
sure?    Glass  gauge  valves  left  closed? 

Steam  Pump  —  Tested  through  relief  valve?  Date  of  hist 
thorough  test  with  ho^e?  All  steam  valves  open  except  at  pump? 
Steam  pressore  at  boilera?  Minimum  pressure  since  last  in- 
spection? Properly  oiled?  Kept  clean?  Automatic  regulator 
in  service,  with  all  steam  valves  wide  open?  Water  pra^^sure 
maintained  at  pump?  Pump  starts  properly  when  pressure  is 
relieved? 

Rotary  Pump  —  Turned  over?  Ample  supply  of  oil?  Date 
of  last  thorough  test  wdth  hose?  Ckmdition  of  starting  mecha- 
nism? 

Hydrants  —  Free  from  obstructions?  Start  to  open  easily? 
(Hy<lrants  should  be  opened  atid  flushed  Spring  ami  Fall,  and 
ordinarily  kept  closed  at  other  limes.) 

Hose  —  List  of  hydrant  hoases  with  equi|>ment 


I 


everything  is  in  place.     (Hose  should  be 


Note  that 
Cited  Spring  and  FalL) 


Automatic  Fire  Alarms. 


In  Boston  all  thermostatic  systems  and  apparatus  are  in- 
spected once  a  month  by  tht*  fire  ahirm  companies  operating  the 
systeniB,  and  once  in  every  six  months  in  i-onjunction  with  the 
Board  of  Fire  Underwriters.  Tn  .some  cases,  notably  in  the  larger 
mercantde  establishments,  monthly  inspections  are  matle  by  the 
Boani  at  the  request  and  expense  of  the  owners. 

Teats,  —  Systems  of  this  chanicter  are  unfler  constant  battery 
teat  I  and  any  disarrangement  will  at  once  be  indicated. 


5  mBomsmmn  aiip  warn  m^onmrnsmm  # 

Me$  ce,  —  l!b&  iypes  of  thermoBtttts  maw  gen^ranHy  an- 

ployed  WK  not  subject  to  material  d^|M:edation.  Many  have 
givcai  service  for  as  long  as  fifteen  years  without  showing  de- 
careased  sensitiveness. 

Thermostats  should  not  be  painted,  but  kalsomining  is  per- 
missible  if  done  with  care. 

Standpifiss  and  Boss  Racks. 

Standpipes  and  hose  racks,  etc.,  inx>bably  suffer  more  n^ect 
than  any  other  important  item  of  iM:otective  equipment,  for  th^ 
reason  that,  after  once  installed,  they  are  not  usually  looked  upoi 
as  requiring  any  particular  care  or  upkeep.  Very  coniiDfl^ 
sources  or  trouble,  however,  which  demand  systematic  inspection 
and  maintenance,  include  obstructions,  the  condition  di  valvar' 
and  the  condition  of  hose. 

Obstructions  not  infrequently  result  from  building  debris  getting 
into  the  risers  or  Siamese  connections  during  building  operatioDs, 
and  thereafter  blocking  check-valyes.  All  openings  in  risers  and 
feed  mains  should  therefore  be  carefully  covered  during  instalb- 
tion,  and  caps  should  always  be  kept  on  Siamese  connections. 

ValveSy  especially,  require  systematic  inspection  to  insure  that 
they  are  in  proper  position,  and  neither  too  tight  nor  too  loose. 

A  story  of  standpipe  neglect  has  lately  been  told  in  insurance 
circles  regarding  a  fire-resisting  building  which  was  provided 
with  a  dry  standpipe  system,  arranged  for  connection  with  fire 
engine  service  at  the  sidewalk  level.  Upon  the  fire  department 
responding  to  an  alarm  of  fire  in  this  building,  connection  was 
at  once  made  from  a  "steamer"  to  the  open  end  of  the  standpipe, 
and  the  engine  started  pumping  to  its  full  capacity.  About  thfi 
time  the  district  chief  in  charge  shouted  down  from  one  of  the 
upper  floors,  asking  the  firemen  when  they  intended  to  get 
coupled  to  the  standpipe  and  start  operations.  Simultaneousif 
a  tenant  of  the  basement  of  the  same  building,  who  had  beei 
busy  trying  to  protect  his  stock,  suddenly  appeared  and  shouted 
that  hi^s^uarters  were  being  flooded.  Investigation  showed  that 
an  inside  valve  at  the  lower  end  of  the  standpipe  system  had 
been  left  open,  and  that  the  puffing  fire  engine  was  drowning  out 
the  basement,  while  the  chief  above  was  wondering  why  w 
water  appeared. 

Hose  valves,  because  so  seldom  used,  may  easily  become  si 
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tight  from  dirt,  rust  or  neglect  that  they  cannot  bo  oponcil  in 
tinvp  of  emergency  Kave  Vtith  a  wrench.     On   the  other  hand, 

I    valves  sttoiild  not  t>e  looin'  enotij^h  to  permil  leakage^  im  this  will 
contribute  more  to  the  deterioraticm  of  tlie  hose  than  any  other 

f    cause. 

Care  of  Inside  Hose.  —  Where  hose  is  so  suspender!  from  or 
wound  or  folded  ujKjn  a  rack  or  reel  iii?  to  necessitate  short  bentJs, 
the  hoae  should  be  0(*(jasionaUy  re--folded  so  iw  to  iirevent  per- 
manent set  or  break  at  the,  fokLs. 

(  Never  wet  unlinefl  linen  ho&e  except  to  use  at  a  fire* 

i  Keep  the  hose  valves  tight  so  that  hose  will  not  bo  wet  by 

leakage. 

Stretch  the  ho»e  out  or  hang  it  up  at  intervals  so  that  damp- 
net^  between  the  folds  or  coUb  may  be  dispelled. 

Thoroughly  dry  hose  inside  and  outside  after  ii  has  been  wet. 
Thesf;  precautions  are  important,  because  tinen  hose  is  liable 
to  decay  after  it  is  wet  unless  it  is  at  once  thoroughly  diied. 


After  a  Fiee. 

As  soon  as  possible  put  new  sprinkler  heads  in  place  of  those 
hieh  have  opened,  and  turn  on  the  w^ater.  Kt^ep  twenty-five 
to  fifty  extra  heads  on  hand  all  the  time  for  this  purpose^  and  for 
in  ills  having  large  areas  fifty  to  one  hundred  extra  heads  are 
►advised. 

Immediately  sweep  out  water,  clean  up  machinery,  save  stock 
and  gooils,  dry  out  rooms  with  steam  heat  and  do  exactly  what 
you  would  do  were  there  no  insurance  on  the  property.  Ex|7enwe 
BO  incurred  is  paid  for  by  the  insurance  companies, 

Look  out  for  smoldering  fires.  Remember  that  fire  burrows 
in  raw  cotton  and  may  break  out  houns  or  fhiys  after  \\w  fire  is 
thought  to  be  extinguished.  Therefore,  with  fii'es  in  cotton 
storehouses,  picker  roorasj  cotton  bit^Sr  ^t*^  j  understand  that  it  is 
almost  certain  after  fire  once  gets  hold  of  a  lot  of  cotton  that  it 
vill  not  te  put  out  until  the  whole  lot  is  turned  over,  a  handfol 
,t  a  time.  Fires  may  also  smoulder  in  concealer!  places  in  floors, 
rails,  partitions,  etc.,  when  there  are  sueh  faulty  spots. 

When  nil  thej<i>  things  are  under  way,  notify  the  insurance 
office  through  which  your  insuranct^  is  distributed^  Blating  fjiicny 
the  cause  and  location  of  the  tire  and  the  probable  loss.  Except 
for  very  small  fires,  it  is  best  to  make  notifications  by  telegraph  or 
telephone. 


CHAPTER  XXXVIL  \.     . 

f     ;  - 
flAE  DRILLS. 

TsB  following  regulations  Doncerning  gre  drills  in  factoriOp 
Msboolat  department  stories  and  theatrej^i,  presented  by  Mr-  R.  IL 
I?CTrt>ern*  before  the  fifteenth,  anmml  meeting  (1911)  of  the 
National  Fire  Prot'Dction  ABsociation^  have  been  adopted  by  ttiat 
Association  as  the  baaia  of  its  recommtmdations  concerning  fire 
drilb.  The£X>  regulations  form  the  most  valuable  contribution 
yet  njado  to  the  sub j eel,  but  it  is  important  to  bear  in  mind  (hit 
the  efficiency  of  the^e  suggestions  is  dLstinctly  ILmiteti  by  tk 
question  of  proix^r  di'jsign,  especially  a^  regards  naeans  of  egre^ 
AM  discussed  in  Cliapteirs  IX  and  XV .J 


Loss  of  Life. —  '' 
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A  recently  published  e«tinjato  ptacea  the  total  annual 

of  Ufe  in  the  United  States  from  iire  causes  at  1500.     In 

disasters  aJone  during  the*  past  six  y^^are  approximately  1400  pef- 
Eons  have  been  killed  outright  in  addition  to  the  numb<^rlis^ 
maimed  and  injured.  It  is  not  claimed  that  all  of  this  net^tec 
sacrifice  of  life  could  have  been  wholly  avoided  by  the  aiinple  es- 
pedient  of  a  fire  drill,  as  in  aome  in  stances  whole  audiences  werf 
trapped,  owing  largely  to  inadequate  and  defective  exit  arrange 
mentsn  It  is  true,  however,  that  the  absence  of  any  adequfit^ 
provieion  for  effective  regulation  and  control  was  an  active  con- 
tributory  cause  of  the  panics  which  followed  the  discovery  of  lis 
fire. 

Object  of  Fire  DrIUs,  — 

The  primary  object  of  the  fire  drill  is  to  prevent  panic  oofr 
ditions  from  arismg  by  the  enforcement  of  ra^lar  and  syst^raatif 
practice  in  the  exercise  of  measures  of  restraint  and  self -control- 
In  this  connection  it  is  interesting  to  observe  that  these  result^^ 
which  are  purely  psychologicalj  are  achieved  by  a  series  of  evolu- 
tiona  exclusively  physic^il  in  character. 

It  is  not  the  purpose  of  this  paper  to  enter  upon  a  diseussia!i 
of  the  recjuirements  for  fire  escapesj  emergency  exit^,  or  of  other 

*  iSuperinteaiJent  of  Inauranco  Elepartiaoiit,  Peonaylrojim  Rail  road  Oh 
f  See  panicukrij*   "  Limrtatioti  of  Oceup&ney,"   |%ge    2I*fi,  — ■  "  Means  4 
Egreaa,"  pagE   300< — ** Capacity  of  Staira,"  jjage  50». — ^"Eitt^rjar  Fire  ^ 
tapes/'  page  5H —^"Safety  of  EmployMfl,"  p(t§e    809,  —  and   "Meann  d 
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features  of  constniction  aiui  oquipnjrat,  as  i]w  firp  drill  is  nhit^fly 
roncerneti  with  the  determination  of  means  and  methods  of 
iililizing  to  the  best  advantage  mvh  fitcilities  h-h  are  provided  and 
should  aim  to  adapt  it&elf  largely  to  exist inj^  condition.^.  It  will 
often  be  found,  however,  that  the  itiBtitution  of  hre  drill  [iraotice 
will  reveal  c^onilitions  previously  unt^uspectofl  and  point  the  way 
for  re-arranging  and  improving  the  means  of  egress. 

In  ordtT  that  this  pajier  might  be  of  some  practical  value  to 
those  having  the  responsibility  for  the  safety  of  life  under  the 
conditions  noted,  an  invest i^ation  was  made  of  conditions  and 
praeli(!es  prevailing  in  various  department  stores,  theatres, 
schools  and  faftories  for  the  purpose  of  presenting  an  ouiline  of 
rules  and  instructions  for  the  regulation  and  supervision  of  tire 
drillt^.  It  was  also  the  intention  to  include  in  the  reeorainenilatioQs 
some  provision  for  drills  in  jjuhhe  auditoriums  fmd  chmehes,  but 
the  difficulties  in  the  way  of  obtidning  the  rcquiretl  supervision 
in  these  classes  of  risk,  due  to  tlie  small  number  of  regularly  em- 
ployed attendants  and  the  fit^quency  with  which  they  are  changed, 
made  tliLs  featiu-e  impracticahle;  there  ari\,  however,  many  of 
the  recommendation's  which  will  be  found  adaptable  to  conditions 
in  both  churches  and  public  auditoriums. 

In  devising  a  .system  of  lire  drills  the  tlrstr  consideratiejri  is  to 
recognize  the  two  classes  of  jiersons  whom  the  drills  are  to  protect; 
first,  those  who  are  regularly  present  on  the  premises,  such  as 
factory  operatives  or  children  attending  school,  —  secondlyj  those 
who  may  be  termed  tran^ientH  —  as  the  general  public,  in  de- 
partment stores  and  while  in  attendance  at  churches  or  theatres. 

Yov  the  first  class  the  problcan  is  simplified  by  reason  of  t  lie 
opportunity  afforded  for  regular  training  and  drill  practice  and 
thorough  famiharity  with  alt  the  means  of  egiTss  and  ingress:  so 
that  for  this  class  the  question  is  largely  confinixl  to  the  character 
and  frequency  of  drills,  to  insure  a  prompt  and  onierly  exit  from 
the  building. 

Those  disasters  which  have  been  mast  prolific  in  fatahties 
belong  to  the  second  class,  comprising  tho.se  buildings  where  the 
public  ia  assembled  in  considerable  numbers  and  where  congestion 
and  overcrowding  may  be  of  frequent  occurrence.  The  large 
percentage  of  women  and  children  in  these  gatherings  mak(\s  it 
imperative  that  every  possible  safeguard  be  provided  to  insure 
safety  of  life;  and  here  it  may  be  well  to  correct  an  impression 
which  has  become  somewhat  general,  that  in  buildings  of  so-called 
fireprCKjf  construction  the  fn'e  drill  may  be  considered  unnecessary* 
Recent  investigations  of  conditions  in  connection  with  pubhc 
schools  in  one  of  our  large  cities  developefl  the  fact  that  no  pro- 
vitiion  had  been  made  for  fii'c  drills  where  tla^  construction  was 
of  a  &emi-fu"eproof  character;  in  two  other  instances  the  absence 
of  fire  driUs  wi\s  explained  on  the  grounds  that  the  schools  in 
cpiestion  contained  the  more  advanced  grades  and  that  the  pupils 
being  older  ami  more  intellij?ent  diil  not  require  t!ie  safeguards  of 
a  fire  *irill. 

Tfie  following  suggestions  coviTing  the  di^tails  of  organiza- 
tion tiiid  tiaming  for  tire  drills  m  connection  with  fac^tories,  schools. 
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dofitLTlmi'nt  yitoras  anil  theatres,  contain  many  of  the  e 
requirements  for  the  institution  of  tire  drills  m  almoHt  uU  classes _ 
of  ri^k,  and  ani  horewitli  ftubmilted  for  consideration. 


Fact  OKIES* 


Organization  and  Duties.  — 

.'Ul  fat- lory  drills  ;?hould  be  subjef^t  to  the  direction  of  j 
sup-ervitiory  orgaruzation   eonstituted   us  follows:    chief  of 
drdJ,  door  chiefs,  room  captains,  stairway  guartls,  and  mspeelon| 

Chu'f  of  Firt'  Driib  ShouKl  be  some  one  whose  position  wouT 
command  respect  and  insure  compliaiice  witii  all  orders  and  i 
atructions  relatini^  lo  fire  drills. 

Diitus  of  VkieJ  of  Fire  Drill:    He  will  have  general  chargp^ 
all  mttlters  pertaining  to  fire  drills^  pracliec  maneuvers  and  d 
ganization,  and  will  dej^iKnate  thost*  persons  to  fdl  the  pomtiod 
above  mentioned.     He  will  fix  the  time  for  holding  drdls  m 
rigidly  enforce  mea.sures  of  discipline  for  failure  on  the  part  of  s 
eniploy(*e  to  fully  observe  all  the  rules  and  requirenienta; 
personal  inspection  he  should  «ee  that  over-^TO wading  in  won 
rot.ani>  is  prevented  and  that  suffiHent  space  is  given  to  aides  i 
ptissaeeways  to  permit  quick  access  in  reaching  all  of  the  exiu 

Floor  Chiefs:  Care  t^hould  be  exercised  in  the  select  Ion  ( 
tljese  mt^n,  as  upon  them  largely  depends  the  efficiency  and  suceei 
of  the  drill  Where  department  foi-emen  or  factory  syperii| 
tendents  possess  the  requisite  qualifications  their  selection  is  f 
be  preferred.  H  is  imixirtant,  howe%Tr,  that  they  be  men  havh 
tlie  trust  and  confidence  of  their  employees  generally,  with  I 
fjur  degree  of  self-jxjsseission  and  capable  of  speaking  the  ' 
guage  of  the  opera! ives» 

Duikif  of  Floor  Chiefs:  The  floor  chief  shall  have  inimedia^ 
charge  of  all  operatives  employed  on  hi^j  floor  in  all  n^ utters  |w 
taining  to  fij-e  drills.     He  shall  be  held  responsible  for  the  enford 
meat  of  all  fire  drill  rules  and  will  renort.  to  the  chief  of  fire 
any  employee  wdio  wilfully  negl(M!t#5  their  profier  observance. 

He  shall  see  that  each  movement  corresponding  to  the  ala 
signal  is  promptly  and  orderly  exeeutetl  and  sliall   person 
super\d&e  the  sounding  of  the  general  building  alarm  on  his  fio 
He  x^hall  be  further  responsible  for  the  condition  of  all  aisles  i 
passageways  and  will  sec  that  chairs,  benches  and   stock 
promptly  removed  to  iiism"e  unobstructed  passage. 

When,  b}^  pre-arrangement  in  drill  prat^tice  or  as  a  n^s  .^ 
of  actual  fire,  it  may  be  necessary  to  depart  from  the  regular  id 
struct  ions  as  regards  selection  and  use  of  exitSj  such  change  \vd 
be  atr  the  sole  direction  of  the  floor  chief, 

Rftom  Captains:  Whenever  floors  are  subdivided  into  two  t 
more  rooms  the  floor  chief  will  be  assii*ted  by  the  rootn  captalu 
For  flnors  of  large  area,  the  floor  captains  should  tiesignate  a  dri 
s^upervisor  for  e\'ery  fifty  eoiployees,  to  assist  \u  maintaining  th 
iiecessary  control  and  disciphiie.     For  thase  latter  positions  whej 
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men  with  the  require<l  qualifications  are  not  available^  selectiotia 
should  hf  made  from  the  fore  women. 

Room  cap  tains  jshould  be  L'ho^n  from  those  highest  in 
authority,  pr<^fc>rably  a  foreman  or  work  bos8.  The  same  gerneral 
care  in  their  selti Lotion  should  be  exercised  aa  indicated  for  the 
floor  f.'hiefs. 

Duties  of  Room  Capimns:  They  should  i>erform  liie  same 
general  duties  in  their  respective  rooms  as  are  prescribed  for  the 
floor  chief,  subject  to  the  latt^er's  direction  and  superviMion,  ex- 
cepting that  they  shall  have  no  authority  to  change  the  assign- 
ment of  exits,  nor  sound  the  general  building  alanii  nnle^s  under 
direction  of  the  floor  chief.  Where  rooms  are  eouippeil  wilh  drill 
gongN  the  room  captains  shall  personally  sound  tlie  alai  in  thereon, 

iSlmrmiy  Guardu'  For  these  poiiilioni^  men  ar(^  lo  l>e  pre- 
ferred; they  should  be  strong  and  alert^  capable  of  acting  quickly 
in  emergencies.  Two  men  wlectefl  from  each  floor  .sliould  be 
aasigned  to  each  exit  or  stairway. 

Duties  of  Guards:  Guards  are  to  be  i^ubject  to  the  orders  of 
the  floor  chief  or  room  captains  and  shafl  nee  that  the  marc!i  from 
the  rooms  and  in  descending  the  stairway  is  orderly  and  without 
crowding  anrl  at  uniform  speed,  with  careful  observance  of  spacing 
between  tiles.  They  shall  be  especiaUy  watchful  of  persons 
stumbling  or  falling  to  prevent  trampling  and  shall  be  given 
authority  to  hah.  the  line  when  conditions  recjuire. 

Guards  shaU  be  stationed  as  follows:  One  guard  on  the  stair 
side  of  the  door  leatUng  from  the  room  and  one  guard  midway  on 
staircase  descending  to  the  next  floor  below.  Where  stair  exits 
have  sharp  bends  or  arc  jXKirly  hghted  additional  guards  should 
be  provided  as  required. 

On  fire  escajjes  where  conditions  permit,  the  arrangement 
will  be  siniila.r  to  that  outlined  for  stau*ways,  with  the  exception 
that  the  g:uartls  shall  be  stationed  on  the  balconies  or  platforms 
instead  of  tniilway  between  the  floors*  In  this  conn(»ction  it  is 
beheved  that  when  inclined  ladders  are  used  for  fire  escapes, 
provision  should  Iw  made  for  creeling  a  small  swinging  platform 
enclosed  by  a  guartl  rail,  in  order  to  jjermit  tlie  stationing  of  guards 
at  advantageous  points. 

In^peciarii:  An  inspector  selecteti  from  among  the  o^jerativea 
should  be  appointed  to  examine  each  morning  the  condition  of  all 
stairways,  fire  f^ca[><^  and  roof  exits,  if  any,  and  to  report  im- 
mediately to  the  chief  of  tire  ilrill  any  obstruction  foimtl  tliereon 
or  any  other  unusual  condition.  He  shall  also  see  that  all  doors 
Iwiding  to  stairways  or  exits  open  outwardly  and  will  immediately 
report  any  found  locked  or  oostructed  to  the  floor  chief  or  chief 
of  fire  drilL 

Dm*ing  the  winter  season  attention  should  be  given  fire 
escapes  where  exposed  to  accumulations  of  ice  or  snow  and,  when- 
ever found,  immeiliate  steps  should  be  taken  for  its  prompt 
removal. 

In  addit  ion  to  the  abcjve,  provision  shoidd  he  made  for  a  daily 
in-spection  each  morning  of  the  alarm  system  aiTd  of  all  signaling 
devices;  report  thereof  to  be  made  to  the  cliief  of  fii-e  diiU, 
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Urili  Exercise.  — 

Fire  drills  should  be  held  weekly  without  notice^  at  different 
hours,  and  should  include  all  employees  in  the  building. 

It  is  advisable  that  the  alarms  announcing  the  drills  for  each 
trial  should  originate  on  different  floors,  in^rder  to  afford  practice 
in  changing  the  order  of  precedence  for  possession  of  stairways 
or  fire  escapes;  excepting  that  drill  evolutions  may  be  so  a^ 
ranged  to  take  advantage  of  the  additional  time  required  in  the 
descent  of  those  from  the  upper  floors,  by  dismissing  such  ctf  the 
lower  floors  as  would  not  delay  the  egress  of  the  former. 

A  further  exception  to  the  rule  cuaould  be  made  where  buiki- 
ings  are  divided  by  fire  walls  having  protected  openings,  wludi 
would  allow  the  transfer  of  all  the  occupants  on  a  given  floor  in 
the  fire  section  to  an  adjoinln|^  section  on  the  same  floor,  or  where 
provision  is  made  for  ascendmg  to  roof  exits  that  may  lead  to  a 
safe  retreat,  either  on  or  in  an  adjoining  building. 

Drill  practice  should  doselv  approximate  military  predsioD. 
All  drill  movements  should  lead  in  the  direction  of  the  exits  and 
follow  in  respcmse  to  gong  strokes. 

The  first  alarm  will  consist  of  a  series  of  strokes  on  a  large 
l^onp  (once  repeated),  indicating  the  floor  from  which  the  alarm 
IS  given.  Upon  the  first  stroke  of  this  alarm  all  operatives  wiO 
immediately  cease  work,  rise  and  as  far  as  possible  snut  off  power 
to  machines.  Thereafter  each  succeeding  movement  wiU  be 
axmounced  by  single  strokes  on  the  smaller  drill  gongs,  sounded 
by  the  floor  chief  or  room  captain. 

Upon  the  first  stroke  of  the  drill  gong  each  operative  wiD 
remove  the  stock,  chairs  or  benches  nearest  him  in  the  aisles, 

S lacing  same  either  under  or  on  top  of  the  work  table  or  machine, 
•efore  the  sounding  of  the  second  stroke  all  aisles  and  passage- 
ways should  be  cleared  of  obstructions  and  operatives  ready  for 
line  formation,  which  should  be  announced  by  the  second  stroke. 
Line  formation  will  consist  of  files  of  two,  using  free  hand  to  raise 
the  skirt  to  prevent  tripping  those  in  the  immediate  rear. 

The  third  stroke  will  be  the  signal  to  march  to  the  door  of 
exit  passage,  and  each  file  will  move  forward,  observing  a  uniform 
distance  between  to  prevent  touching.  The  hne  should  halt  at 
doorway  on  an  arm  motion  signal  of  either  the  floor  chief  or  room 
captain,  otherwise  to  continue  on  to  the  stairway  and  descend, 
beingsubject  only  to  the  signals  of  the  stairway  guards. 

Drill  exercises  should  aim  to  bring  into  practice  as  often  as 
possible  all  of  the  signals  as  mentioned,  to  insure  against  possible 
misunderstanding  at  a  critical  time. 

Upon  reaching  the  street  the  line  should  be  led  away  to  a  safe 
distance  to  prevent  crowding  and  confusion  around  the  exit,  and 
for  this  purpose  one  of  the  room  chiefs  or  drill  supervisors  from 
the  first  or  nearest  street  floor  should  be  assigned  to  the  duty  of 
leading  the  line  away  from  the  building. 

It  is  urged,  as  often  as  conditions  will  permit,  that  all  em- 
ployees at  the  close  of  business  be  dismissed  through  the  drill 
exits. 


\ 


FIRE   DRILLS 


1005 


Note  "/I/*  — Tho  pra«tief  of  lioklinjE  soparate  fire  drillH  for 
each  room  or  department  of  a  l>uiklin|j;,  iirdess  in  j^erlHiiis  vnl  off 
by  .St  simJard  lire  walls,  is  believed  to  he  a  serious  mistake,  not 
alone  for  the  single  tenant  fat^tory  hut  in  particular  for  the  omni- 
bus tenant  where  jurisdiction  over  employees  is  divided  and 
where  operatives  of  two  or  more  separate  employors  are  reqiiirett 
to  use  the  same  avenues  of  eg,n*Hs  and  inf^ress.  For  fire  drill  pur- 
poseSj  every  omnibus  factory  building  should  be  considered  as 
a  unit  and  the  suggestions  and  reeiHiimendations  herein  made 
apphed  to  t  he  building  as  a  whole. 

Elevator  attendants  should  he  mstrurted  to  lake  cars  im- 
mediately upon  the  first  round  of  the  building  alarm  to  the  flo^Dr 
indieated  and  hold  themBehe^s  subject  to  the  orders  of  the  floor 
chief. 

Assl^nmcnl  of  Exits.  — 

The  assignment  of  exits  will  depend  primarily  ujwn  their 
number,  capacity  and  location  and  to  some  extent  on  tlieir 
arrangement.  Exits  discharging  horizontally  into  another  build- 
itvg  or  into  another  section  of  the  same  building  which  is  cut  off 
by  a  fire  wall  having  standard  protected  openings  will  aceom- 
modate  a  considerably  greatin'  number  than  the  stair  or  regular 
fire  escape  exiles  and  with  the  possibilities  of  danger  reduced. 

In  assigning  exits  where  the  (^apaeity  of  th(*  fire  ei^eapefs  is 
limited,  the  occupants  of  lower  floors  should  be  required  to  use 
the  inside  stairways  in  order  to  reserve  the  fire  escapes  for  the 
use  of  the  upper  lioors. 

Where  conditions  permit,  it  would  he  desirable  in  drills  to 
use  the  r^ular  entrances  for  exit  r^^^t^^sc's  on  account  of  their 
familiarity  to  the  ernployc^e*^  constantly  using  thenu  In  their 
)?eiection,  however^  consideration  should  be  given  to  possible  ex- 
posure by  local  hazards,  such  as  proximity  to  heating  and  power 
phint.H  and  any  hazardous  processes  conneclefl  with  (he  working 
of  the  factory  product.  It  is  also  imfiortant  in  arranging  the 
(ire  drill  exits  fo  allow  one  or  more,  if  possible,  as  entrances  for 
firemen.  The  assignment  of  exits  for  different  floors  should  first 
be  husi^i]  on  approximate  estimates  of  their  relative  discharging 
rapacities,  thon^  as  a  result  of  actual  tests  based  on  these  esl  imates, 
the  distribution  to  each  exit  can  be  revised  so  that  the  time  eon- 
sumed  wiU  average  about  the  same  for  alL  In  these  trials  every 
available  exit,  including  those  reached  by  w^ay  of  tiie  iTJof,  should 
be  considered. 

Frequently  the  arrangement  of  exits  may  be  such  as  to  per- 
mit a  safer  ami  more  rapid  dismissal  from  an  upper  floor  by  using 
the  regular  exits  to  tme  of  the  lower  floors  in  order  to  reach  an 
exit  discharging  on  another  side  of  the  building.  Corabinationa 
of  this  kind  should  be  utiliised  wherever  |M3ssil)le, 

Notlfleatlon.  — 

For  the  (>yrpose  of  sounding  a  general  building  alarm,  each 
factory  building  should  be  equipped  with  an  eleetricafly  operated 
alarm  system  of  the  elosed  ciieait  type  on  gravity  batteries. 
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CormfclfM:!  in  fircuit  with  Ihis  sysfem  thf^re  shniild  be  one  or  mm 
eIectro-mcf'hjiT)ifal  gongs  on  each  fl(X>r  of  fiuitabin  size  to  imu 
being  heard  above  the  noise  of  moving  machinery.  Tbe  gor^ 
on  each  floor  shaiild  sinuiltanenu.sly  indicale  by  strokes  the  flo 
from  vvlnrli  tfje  alarm  m  given,  which  should  be  onee  repeatetlr 

Thr  use  of  the  box  t^tatioDH  should   be  re.stricted  as  far  88 
po.wbli.%  in  order  to  confine  their  use  to  the  floor  cliief  or  '. 
aBsistants,  as  conditions  may  reciuire. 

Independent,  of  tlie  geneml  building  altjjni  ny intern,  thcij 
should  lje  pfoviiled  on  each  floor,  or  when  neeesfifvry^  in  eu 
mom,  a  spparate  gong  for  drill  purf>o8trs.  The  gongs  to  be  pla 
near  or  within  convenient  reach  of  the  floor  chief  or  room  captaiii 
and  to  he  provided  witli  hand  pullj^.  Tlje^e  gongs  will  announce 
all  ili'iil  movements  following  the  sounding  of  the  general  buildin 
alarm,  a:^  imhciited  in  the  instructions  covering  **  Drill  Exerci.se." 

All  aiarjn  gongs  nm^d  u-k  fire  drill  siicnals  should  be  distinctivi 
in  tone  sind  not  used  for  other  than  drill  purposes. 

For  the  information  of  all  cm|>lnyees,  notices  should  be 
posted  in  each  room  giving  full  inj^tructions  in  all  matters  [ 
taining  to  Hre  drills.  These  notices  should  be  printed  in  tb 
respective  languages  of  the  operatives. 

The  engineer  in  every  factory,  upon  the  first  signal  of  th 
huikling  alarm,  sliould   h(i  instructed  to  shut  off  all    power  i 
machines  and  shafting  throughout  the  building,  excepting  in  ca 
where  it  would  jiffect  the  operation  of  the  fire  jjumps,  elevators  c 
the  lighting  syatem. 

Schools, 
Organization.  — 

hire  drill  super\ision  to  be  effective  for  public  schools  u^^^ 
be  simple  and  direci ,     Thi?^  enn  best  be  obtained  by  adapting 
the  school  organization,  through  its  teaching  staff,  to  the  require- 
ments of  the  fire  drill, 

Frincipol:  The  principal  should  be  supreme;  lie  should 
the  time  for  the  holding  of  drills  and  preserve  a  record  thereo 
showing  the  time  required  to  effect  the  dismissal  of  the  ejjtiti 
school,  and  enforce  mea^sures  of  discipline  for  failure  of  anj 
teacher  or  ]iupil  to  fully  observe  all  the  rules  and  requirement* 
He  should  designate  as  assistants  one  teacher  on  each  floor  wli 
subject  to  his  authority,  shall  have  general  direction  of  drill  &x& 
cises.  Upon  these  assistants  will  devolve  the  important  duty  i 
changing  the  aKsignmeTit  of  exits,  when,  either  by  prearrangemeni 
in  drill  practice  or  as  a  result  of  actual  fire  conditions,  it  may  h 
necessary  to  depart  from  the  regular  iiSsignmenUs.  The  assistanU 
fihould  be  autljorijsed  to  sound  aiai'ms  and  instructed  iii 
method  of  operating  the  alarm  boxes. 

,  Teachers:   Each  class  will  be  mider  the  inunediate  directiosj 
of  its  teacher,  upon  whom  will  largely  depend  the  efficiency 
e^ access  of  the  drill. 

The  degree  ol  tfiicveiicy  attained  in  school  drills  will  dep 


largely  on  the  eharat^ter  of  the  discipline  maintained  by  the 
teachers,  and  any  departure  from  the  strict  letter  of  the  rules 
should  be  followed  immediately  by  proper  measiwes  of  discipline, 
as  a  single  act  of  untimely  disobedienee  to  the  vnlm  miglit  at  a 
critical  time  threaten  the  safety  of  the  entire  school.  * 

Janitor:  Under  direction  of  the  principal,  the  school  janitor 
fihould  be  rc!quired  to  perform  daily  the  foilovvinp  duties:  to  in- 
spect all  fire  escapes  and  stairways  immediately  after  the  sussem- 
bling  of  the  school  at  each  session,  and  to  remov^e  therefrom  any 
obstruetion  aud  to  keep  fire  escapes  free  of  accumulations  of 
ice  and  snow;  to  examine  ail  doors  of  class  rooms,  including  the 
main  exits,  to  see  that  they  open  outwardly  and  are  kept  un- 
locketl  and  ready  for  instant  opening:  and  where  windows  ai'e 
ut>ed  as  exits  to  Sre  escapes,  he  shonltl  likewrise  see  that  all  bolts 
and  fastenings  are  drawn  and  open.  In  addition  to  this  work  he 
should  be  reciuiriMl  to  perform  fire  patrol  duty  by  making  com- 
plete tours  of  the  building  hourly  and  registering  on  an  apjjraveil 
watchman's  clock. 

In  schools  where  electric  alarm  syBtems  are  installed  he  shall 
make  a  daily  test  of  the  system,  selectuig  for  each  trial  a  different 
box;  report  thereof  to  l>e  made  to  the  principal. 

Drill  Eiereise.  ~ 

Fire  drills  should  be  held  weekly  at  different  hours  while  the 
classes  are  fingagcd  in  their  rt^gnlar  exercises  and  aLH<i  when 
assembled  in  the  auditorium,  without  notiec  to  either  teachers  or 
pupils.  Drills  should  include  all  persons  within  the  building. 
They  should  be  ortlerly  and  without  confusion  and  be  eondncted 
with  military  precision.  There  should  be  no  uimecessary  move- 
ments and  each  movement  should  leatl  in  the  direction  of  the  exit 
and  follow  in  response  to  a  bell  signal. 

The  first  signal  will  tjonsist  of  a  serit^  of  strokes  on  the  large 
gongs  connected  with  the  general  school  alarm^  wliich  will 
indicate  by  strokes  the  number  of  the  box;  this  signal  will  be  once 
repeated.  At  the  {irst  stroke  of  this  alami,  (>uimIs  will  cciise  work 
and  be  at  attention.  Thereafter  e^ch  succeeding  movement  wnll 
follow  bell  signal  on  the  tap  bell  at  the  teaclier'ts  ^li^k. 

Upon  the  lirBt  signal  of  the  tap  beU,  pupils  will  rise  and  re- 
main standing  in  the  aisles  bedside  their  desks.  At  the  second 
^signal  they  will  move  forw^ard  into  double  lines  two  abreast,  the 
heads  of  the  lines  halting  at  the  exits  until  signalled  to  march 
by  the  teacher.  After  assurance  that  the  stairway  approaches 
ai'e  clear  of  the  otheii  classes  who  may  have  precedence,  the 
teacher  should  remain  stationed  at  the  ejcit  from  the  class  room 
until  half  or  two*thirds  of  the  pupik  are  out.  To  ayoitl  confusion - 
the  precedence  of  each  class  should  be  determined  in  advance  and 
care  exercised  to  prevent  the  lines  of  two  or  more  classes  crossing 
in  reiiching  the  exits*  In  order  to  obtain  proper  supervision  of 
the  line  while  descending  stairways,  one  or  more  of  the  teachers 
on  the  lowest  floor  shouM  remain  stationed  between  the  foot  of 
Stairway  and  the  main  exit  imlil  all  of  the  classes  have  pa^ed  out* 
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The  other  toaclicrs  from  thn  upyjer  flrjors  shrtiiM  lake  up  positions 
on  the  attiirways  at  s^liort  intervals^  remaining  there  until  the  cnr] 
of  the  Une  htix  fntssod.  d 

No  jKipil  Blxiuld  bo  permitted  io  leave  tlR»  line  to  secure  hntJ 
coat  or  other  ai)|)»rel,   mir   for  any   other  purpose   whatever. I 
Teaehera  should  nrv  thfil  the  movement  of  the  line  is  at  uniform  j 
speed  ami  that  the  regular  spa^^ing  hot  ween  files  is  carefully  ol> 
aerved  to  prevent  toiiehiuK. 

For  hre  e^capeii  the  same  general  arrangement  f^hould  bt?  I 
foHowetl,  pxeeptirig  that,  the  teachej's  should  remain  on  the  bul- j 
conies,  not  more  than  one  teacher  to  each  baleony.  I 

Two  teachers  from  the  lowi^t  floor  should  be  asnigned  to  leii'l-J 
the  line  away  from  the  buikliug  and  an  additional  teacher  sta- 
tioned at  the  gate  entrance  to  the  school  yard  and  outside  the| 
main  building  exit,. 

In  order  to  allow"  for  possible  fire  conditions  w^hich  might  rut  i 
off  the  exit  assigned  to  a  partieular  floor  or  class,  it  is  advisabhH 
that  the  alarms  for  each  (irill  slioiild  originate  on  different  floor-*  ( 
to  afford  practice  in  changing  the  regular  asi^ignraent  of  exit?. 
It  in  alwiJ  urged  J  in  order  to  meet  possible  contingencies,  that  drills  1 
be  helfl  whih*  tlu?  school  is  assembled  in  whole  or  in  part  and  I 
during  recess  period.s.  The  practice  of  occasionally  dismissing] 
the  school  through  the  fire  exit^s  at  the  close  of  the  session  Is  also  j 
recommended. 

In  tichools  of  the  more  advancwl  grad<^,  it  mil  be  possible  i(>\ 
organize  a  fire  brigade  from  among  tlie  ]>upiL^  for  handling  chemi- 
cal extinguishers  and  hose  streams  from  standpipes.      For  iliisl 
work  some  Of  tlie  stronger  boys  should  be  KelfK^ttxl  from  each  clasa^J 
and  regularly  driheil  under  tlinction  of  the  janitor.     Rut  in  nof 
case  should  this  work  interfere  with  the  tlismissid  of  the  school 
by  meauH  of  the  fire  drilL     Where  pianos  or  other  instrument 
are  avaUable  the  use  of  march  time  music  is  recommended  during 3 
driHs. 

Assignment  off  Exits.  — 

In  assigning  exits  w^here  the  capacity  of  the  fire  escapes  is  I 
limited,  the  lower  floors  siiould  be  requiavd  to  use  the  uisidel 
stairways  in  order  to  reserve  the  fire  escapes  for  the  u.se  of  tbftj 
upper  floors.  Care  should  be  taken  in  the  selectiori  of  stairwa>^| 
to  avoid  the  use  of  any  exposed  by  stair  entrances  to  cellars  con^ 
taining;  the  schoiril  heating  plant. 

For  classes  of  the  smaller  ehilch'en  in  the  kindergarten  and 
primary  grades,  preference  should  he  given  in  the  assignment  of] 
exits  to  insure  their  safety.     For  Ihcfie  grarlcs,  when  located  abovS 
the  street  floor,  it  is  particularly  urgent  that  e.xits  siiould  be  pro-^ 
vided  by  means  of  indepeivdent  fireproof  towers. 

All  stairways  five  feet  or  mnrn  in  width  should  accommodate^ 
double  line6  of  two  i_^aeh  and  will  therefore  allow  of  the  movemenil 
of  two  classes  simultaneously;    all  stairways  so  ustxl  .should  be 
provided  with  a  center  hand  rail. 

Other  exits  tlian  tUos^  tc©JLlaxlY  assigned  to  each  class 


floor  should  lie  dc^ijG^ uteri  in  order  that  the  riaases  may  be  ciaipkly 
shiflefl  to  exits  in  aiiotlier  part  of  the  building,  Thase  tmanges 
tfliould  only  be  made  at  the  direction  of  the  assii»tant  in  charge 
of  the  fioor. 

Where  exits  can  be  arrangeil  to  discharge  horizontally,  they 
are  to  be  preferred.  This  may  be  done  where  l>iiilfiings  are 
divitied  into  two  or  more  8cclion.s,  etit  off  by  tire  wallrt  having 
standard  protecttxl  oi>eniTigs.  It  will  also  he  po-swible  in  buildinga 
of  this  class  to  provitlo  cxitaS  lliroiigh  the  roof  by  which  pupils 
may  rench  the  roof  of  an  adjoining  section  and  descend  to  the 
street. 

Where  the  exit  arrangements  permit,  a  safer  and  more 
prompt  dismissal  can  sometimes  he  efTecte:!  for  the  upper  floors 
by  using  the  regular  exitii  to  a  lower  floor  and  re-entering  the 
building  in  ordex  to  reach  an  exit  discharging  on  another  side. 
rro\'isiari  fur  this  arrangement  should  be  made  in  the  regular  drill 
exercises. 

Natlileatloti*  — 

For  the  pitrpaye  of  sounding  the  general  alarm,  each  school 
t^hould  be  equipped  with  an  electrically  operated  alarm  system  of 
the  closecl  eireuit  type  on  gravity  batteries;  connect  13d  in  circuit 
with  the  system,  there  should  be  installed  on  eaxih  floor  of  the 
building  one  or  more  electro-mechanical  goiigs  of  suitable  size 
to  insure  being  heard  in  fiaeh  chiss  rrKim. 

The  gongs  should  be  arranged  to  strike  simultantxiusly 
throughout  the  building^  indicating  by  strokes  the  number  of 
the  box  pulM. 

In  buildings  having  5(MK)  square  f(>et  or  more  of  floor  area 
there  should  be  four  boxas  on  each  floor,  placed  immetliateiy  out- 
side t  he  entrance  to  each  of  the  corncT  clat«s  rooms.  Box  numbers 
should  be  ciioiHen  somewhat  as  follows: 

First  Floor  —  Numbers 11  to  14  inehmive 

Second    " 21  to  24  *' 

Third      ",.....,.,..     31  to  34  " 

Fourth    '' 41  to  44 

Fifth       "    . .    .     51  to  54  *' 

The  alarm  from  each  box  to  sound  two  rounds. 

In  addition  to  the  general  school  alarm  system,  each  class 
room  should  be  provideij  with  a  small  tap  hell  lo  be  uset]  by  the 
teachcT  in  announcing  drill  movements  following  the  box  alarm. 

Note,  —  No  general  alarm  for  fire  drill  in  any  school  building 
should  be  stjundel  i>n  a  gong  used  for  other  than  fire  purpose. 
Tlie  practice  of  using  tire  aUirra  gongs  for  announcing  class  periods 
is  to  be  eondemnecb 

An  auxiliary  fire  alarm  box,  connected  with  the  public  fire 
alarm  system,  .should  l>e  inslalletl  in  efieh  school  near  the  main 
entrance,  and  the  sounding  of  the  alarm  should  be  the  rluty  of  the 
janitor. 

There  should  be  displayed  in  each  class  room  a  card  of  in- 
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Htrucl  iona  containing  all  rules  and  requirements  pertaining  to  1 
fire  drill. 

The  observaneo  of  regular  fire  drill  practice  should  be  rfr 
quirefl  in  ev^ery  public  school  without  regard  to  age  or  advance" 
standing  of  its  pupiln,  and  no  school  should  be  exempt  by  reasi.Uji! 
of  the  fireprnuf  character  of  its  structure,    however   superior^ 
Ex|HTience  h.as  shown  that  the  occurrence  of  panic  is  not  confina 
to  any  particular  kind  of  building,  and  that  adults  are  often  j 
susceptible  to  its  influences  as  are  children. 

Department  Stores. 

Olijert  of  DrOK  -^ 

The  primary  object  of  the  fire  drill  for  the  department  \ 
shiiuUl  be  to  afford  training  and  jns( ruction  for  its  employees  iill 
the  handling  and  control  of  the  public  under  conditions  of  patiicJ 
This  fnuHt  be  accomplished  largely  by  individual  Instruction  and 
occasionidlv  by  cxecytion  of  drill  mimeuvcrs,  after  the  close  of- 
bu.^ine.ss  when  the  pubhc  is  absent.     It  is  recognizfid  as  a  seriotia 
handicap  that  ihene  drilla  must  be  (Conducted  with  no  opportunity 
for  testing  their  working  efficiency  under  conditions   approxi 
mating  actual  service,  and  for  this  reason  they  should  be  given  th 
closest  Buporvision  to  insure  the  trained  cooperation  of  everi 
employee.     Aa  a  large  percentage  of  employees  in  departmeii 
stores  may  consist  of  women  and  girls,  their  active  part  ieipatioi 
in  the  general  ftre  ilrill  work  woukl  not  as  a  rule  he  desirable 
They,  however,  should  be  instructed  and  drillcil  in  the  taking  c 
prompt  measures  for  their  own  safety^  which  if  properly  done  ma]^ 
by  iUs  influence!  and  example  materially  assist  in  the  liandling  (" 
the  general  public. 

Organization  and  Duties ►  — 

For  department  stores  the  fire  drill  organhsation  should  be 
constitutdl  as  follows:  chief  of  fire  drill,  assistant  chief  of  fiit 
drill,  fioor  chiefs,  captains^  guards  and  inspc^ctors,  in  addition  tcj 
all  of  the  male  employees  over  18  j^ars  of  age. 

Duties  and  assignmcnlfl  to  l:ie  t\^  follows: 

Vhi^J  of  fiTe  drill:    He  should  he  some  one  prominent  in  ihe_ 
afhninistration  of  the  store,  whose  po.^ition  wotdd  command  re-" 
spect  and  insure  compliance  with  all  orders  and  instructions  re- 
laling  to  the  fire  drilL 

Duties  of  chief  of  fire  driU:  He  will  have  general  charge  of  all 
mjit ters  pertaining  to  fire  drill  instructions,  practice,  maneuvers 
and  organization  anrl  will  ^lesigiiate  those  |iersona  to  fill  the  posi- 
tions above  mentioned-  He  will  fix  the  time  for  holthng  drilk, 
and  rigidly  enforce  measures  of  discipline  for  faihire  on  the  pari 
of  any  employee  to  fully  obscTve  all  the  rules  and  requireroenta 

AssiMani  chief  of  fire  drill:   For  this  position  either  the  build 
ing  superintendent  or  his  assistant  should  be  selwted. 

Duties  of  assislani  ekicf  of  fire  drUh    He  will  assist  t  be  chief  i 
all  matters  pertainm^  to  fire  drill,  performing  such  other  dutie 


afl  arp  aRsignc^  him  by  the  chief  and  perform  the  latter's  duties 
in  his  absence, 

I  Floor  chief:  Should  be  either  a  head  of  department  or  the 

1     chief  aisle  manager. 

f  Duiies  of  fifior  chief:  TJie  floor  chief  shall  have  immediate 

I  eharge  of  all  employees  on  his  floor  in  all  matten^  pertaining  to 
t  fire  drilb.  He  ,«ihall  see  that  employ ee>i  receive  proper  instruc- 
I  tions,  and  will  be  held  responsible  for  the  enforeement  of  all  rules 
relating  to  fire  drill  work,  and  will  immeid lately  report  to  the  chief 
any  employee  wlio  wilfully  neglects  their  observance,  lie  will  be 
re^sfKinsible  for  tlie  maintenance  of  necessary  aisles  and  passage- 
v^'nys  leading  to  all  exits  and  will  see  that  all  doors  leading  thereto 
are  hnng  to  oiien  outward. 

During  orill  practice  he  should  have  general  direction  of 
maneuvers  on  his  floor  atid  will  «ee  that  each  movement  is 
promptly  and  orderly  executed. 

Captain:  For  this  position  the  head  of  each  department  or 
his  assistant  shonld  be  selected j  when  the  head  of  the  department 
is  chasen^  the  Ji^sistant  should  be  fully  instructed  in  al!  the  dutieis 
of  his  suj>crior  pertaining  to  fire  drill. 

Duiies  ofciiptain:  He  should  f>erform  the  same  general  duties 
in  his  particular  department  as  are  prescribed  for  the  floor  chief, 
subject  to  the  latter's  supervision  and  direction. 

Guardii:  For  this  position  strong,  alert  men  ahould  be  se- 
lected, capable  of  acting  quickly  in  emergencies. 

Duties  of  guarda:  One  guard  to  be  stationed  on  each  side, 
at  foot  of  stairway  descending  from  the  floor  above,  when  stair- 
ways are  not  continuous,  and  one  guard  stationed  on  (^aeh  side  at 
head  of  stairway  leading  to  floor  below  and  one  guard  on  each 
side  of  stair  landing  intermediate  between  the  two  floors.  Where 
stairways  have  more  than  one  bend  or  landing  two  additional 
guards  should  be  ^ussigneti  to  each* 

Guards  as  far  as  jKissible  will  regulate  the  movement  of  the 
lines  on  the  stairways  and  will  be  especially  watcliful  of  persona 
stumbling  or  falling. 

In  stair  towers  or  on  fire  escapes  where  conditions  permit, 
the  arrangement  will  be  .similar  to  that  out  fined  for  stairways, 
with  the  exception  that  no  guards  should  be  stationeii  on  the 
stairways  between  the  Hours  unless  at  lan<lings  or  on  balconies. 

Inspeclor,s:  One  or  more  uniformed  inspectors,  preferably 
with  fire  department  experience,  should  be  employed  for  day  fire 
patrol  duty^  wlio  shall  make  regular  rounds  of  the  building  and 
regis!  er  on  an  approved  watchman^s  clock.  The  rounds  should 
cover  all  fbe  escapes,  stairway  exits,  doors  and  windows,  where 
tlie  latter  are  used  as  exits  to  fire  escar>es  or  stair  towers.  He 
should  report  immtfdiately  to  the  building  superintendent  and 
chief  of  fire  drill  any  obstructions  found  on  the  fire  escapes,  or 
any  other  uniLsual  conditions,  and  iluring  the  winter  season  should 
give  particular  att.ention  to  fire  escapes  exposett  to  accumulations 
of  Ice  or  snow.  Dixirs  or  windows  used  ?is  exits  to  stairways  or 
fire  escapes  when  found  locked  should  be  promptly  reported  to 
building  superintendent  and  chief  of  lire  drill,     la  additkni.  ^ 
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these  duties  the  inspector  shall  make  a  daily  teat  of  the  giRnaliiii! 
system. 

For  the  large  city  department  stores  of  more  than  20,001' 
square  feet,  j^rouud  area  it  would  seem  advisable  to  have  an  in- 
spet'tor  fur  each  fioor. 

Cnmpnnlf'K:  The  fire  tlrill  organization  will  include  all  main 
employei^  ovit  IK  yeiirs  of  age,  excepting  sueh  m,s  may  be  amppil 
to  tire  brigade  duty.  The  employees  in  each  department  or  fire 
distriet  will  he  organized  inio  separate  companies  under  the 
direction  of  the  department,  mauager  or  the  assistant  manager 
having  the  title  of  captain. 

These  companies  will  be  as«?ignefi  to  duty  in  the  aialea  as 
hercinaflcr  provided  for: 

Drill  Exereli^e.  — 

For  fire  drill  purpose:^,  each  nfH>r  shouM  b^  divided  into  fire 
districts  with  as  many  districts  as  there  are  departments,  except- 
ing that  the  total  floor  area  of  each  district  i*hould  not  exceeri 
76(X>  arjuare  feet,  nreferably  oO!XI  square  feet,     i^pecial  provision  I 
may  be  made  for  t^iLise  depart  mentis  where  the  nature  of  the  stock  1 
requires  large  floor  npaee  and  where  there  is  less  congestion  of  j 
both  patrons  and  employees,  which  would  apply  to  stocks  of  I 
furniture,  {'jirpcis?,  pianos,  elc.  j 

Fire  flrills  for  instruction  should  be  held  fortnipjhtly,  eithfrj 
before  or  after  regular  businci^s  hours.  They  nhould  be  onlcrlyj 
and  without  confii^iion  and  conducted  with  marked  preeision,  and  I 
the  movements  should  be  simple  and  as  few  in  number  lis  possible.  J 

Upon  the  fir^t  signal  of  the  alarm,  each  member  of  the  fireJ 
drill  company  in  tlie  district  in  which  the  alarm  is  sotmded  will  I 
immediately  cease  work  and  proceed  to  remove  obstructions  from  j 
the  aifilei^  and  paBsagewayn.  They  should  then  form  in  double  I 
lines  along  each  side  of  the  aisle  leading  to  the  exit,  taking  up 
station.s  at  proper  intervals  and  wherever  possibh?  a1  the  Junction 
of  intersecting  aisles.  In  assigning  stations,  the  first  eonsidera-  , 
tion  is  to  man  the  main  aisle's  leading  to  each  exit  from  the  fire  j 
district  and  to  prevent  pushing  and  overcrowding.  As  far  asj 
possible,  the  aisfe  guards  will  endeavor  to  eJTeet  line  formation^  I 
in  order  that  the  approach  to  the  exit  may  be  as  orderly  as  pos-J 
sible.  At  all  times  special  consideration  sliould  be  given  women] 
and  chiklren. 

The  stair  and  e^cit  guards  should  in  like  manner  endeavor  tol 
keep  the  lines  intact  and  to  act  quickly  in  ease^  where  persons  J 
may  stumble  or  fall,  to  prevent  trampling. 

In  the  organization  of  each  company  there  should  be  desig- 
nated not  k»Hs  than  four  of  its  members  to  lead  the  lines  in.  descend-  ] 
ing  stairways  and  tower  exits  to  the  street  floor. 

Upon  the  sounding  of  an  alarm  in  any  fire  district,  the  fire  J 
drill  company  in  the  t  wo  nejirest  districts  should  assemble  and  I 
stand  ready  to  render  any  fissistancc  required.  These  com- 1 
j>anies  may  be  useti  to  arl vantage  where  the  regular  exits  for  the  j 
section  wliere  the  atem  is  sounded  are  exposoif  or  cut  off  by  the] 
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e,  by  assisting  in  the  formation  of  lines  and  leading  them  to 
w  nearby  pxits. 

When  stores  are  divided  into  sections  cut  off  by  fire  wixUh 
viih  t^tiindard  openin^H,  the  drill  exerciKes  whotjld  be  directed  to 
their  une  in  preferenee  to  stairways  and  fire  escapes. 

Women  and  girl  employees  and  boys  who  are  not  members 
'  of  the  fire  drili  of  the  section  in  which  the  alarm  is  sounded,  upon 
the  first  signal  shoukf  be  at  attention  and  assemble  for  line  forma- 
tion. The  lines  should  consist  of  files  of  two  eaeh^  usiup;  a  free 
hand  for  raising  skirts.  Upon  the  second  fire  signal  the  hae 
should  move  promptly  and  orderly  at  uniform  speed,  lo  prevent 
the  touehinK  of  any  two  files.  One  of  the  older  girls  or  women 
should  be  designatkl  in  each  department  to  lead  the  line  to  the 
exitB. 

When  fire  conditions  permit,  the  line  should  be  led  olf  to 
other  exits  than  those  to  which  the  public  may  be  i-rowding;  no 
employee  should  attempt  to  secure  clothing  or  street  apparel  from 
locker  or  cloak  rooms. 

Assignment  of  Exits.  — 

Under  conditions  existing  in  department  stores,  no  regular 
assignment  of  exits  for  departments  can  be  made  that  would  be 
recognized  by  the  public.  Floor  managers  should  designate  cer- 
tain lire  exits  for  each  department  and  as  far  as  possible  the  drill 
company  should  direct  the  public  to  these  exits.  With  ordinary 
fire  supervision  it  i.H  improbable  that  any  fire  in  a  moilern  depart- 
ment store  will  expose  more  than  a  single  floor  or  section  of  the 
building,  and  under  ordinary  circumstances  there  would  be  no 
advantage  in  forcing  tlie  public  to  the  use  of  any  one  exit,  if 
others  equally  safe  were  available. 

When  exitB  can  be  arranged  to  discharge  horizoirtally  they 
are  to  be  preferrefl.  This  may  be  done  when  buildings  are  divided 
ioto  two  or  more  sections,  cut  olT  by  fire  walls  having  atandanl 
protect (^J  openings. 

It  wifl  also  be  possible  in  buildings  of  this  chuss  to  provide 
exiles  through  the  roof  by  which  egress  may  be  had  to  an  adjoining 
section. 

Signs  indicating  location  of  all  stairways,  fire  escapes  and 
other  exits  should  be  displayed!  in  the  main  aisles  throughout  the 
building.  For  this  purpose  it  is  believ&i  that  the  hollow  iron 
Bign  wil  h  the  letters  cut  in  each  side,  against  a  while  background, 
are  the  most  eft'ecrtive.  These  signs  may  be  illuminated  for  ut^e 
in  any  dark  sections  of  the  buiMing. 

Elevator  attendants  will  remain  at  their  posts  of  duty  and 
contiTiue  to  carry  pasfc^engers  until  notified  by  the  floor  chief  or 
captain.  If  the  fire  should  expose  the  elevator  shaft,  attendants 
are  not  to  attempt  to  run  their  cars. 

Notification.  — 

The  fire  alarm  should  be  distinctive,  but  of  a  type  not  likely 
to  be  recognized  by  the  public;    for   this  reaj^on   the  ordinary 
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alarm  gonjc  is  objeclionitble  by  rtikson  of  its  association  io  tbll 
public  mind  with  fire  <Jungors,  and  the  use  of  small  bells  —  Bomei'l 
what  lar|!fer  and  of  a  softer  tone  than  telephone  bells  —  is  pn**! 
f erred;  in  some  eases  small  air  whistles  are  used.  I 

All  fire  HignitL^  throughout,  the  building  should  be  transmitted ! 
by  an  eleetrically  operate*!  rurctiit  to  the  office  of  the  chief  of  lire  j 
drill  and  to  the  (:hief  of  fire  brigiule  headquai'ters. 

The  recording  device  for  the  chief  of  tire  drill  should  consist | 
of  a  punching  register  tind  tap  bell;  for  the  chief  of  brigade  therel 
should  be  a  combined  gong  and  visual  indicator.  ] 

From  the  office  of  chief  of  brigaile  signals  will  be  transmitted 
to  the  fire  district  from  which  the  box  was  pulled  and  also  id  tJM  | 
two  adjoining  or  other  SB.lionH,  as  may  be  necessary. 


Theatres. 

Importance  of  Drills.  — 

The  records  of  almost  ever^^  theatre  disaster  will  show  I 
the  critical  moment  in  determining  the  fate  of  the  audience] 
been  at  the  instant  following  the  first  indieation  of  alarm,  ani 
that  many,  if  not  a  large  majority,  of  these  disiusters  could  havel 
been  wholly  avoided  had  there  been  some  preaiTanged  plan  for 
concerled  aetiun  on  the  part  of  the  houi^c  c^mployees. 

Fire  drill  I  raininp!  for  theatre  attendants  should  therefore  be 
directed  more  to  the  prevention  of  panics  than  to  futile  attempt 
at  regulating  tlie  movemcnt,H  of  a  panic-Htrieken  audience. 

The  wide  disparity  in  numbers  alone  between  the  availabN 
house  force  and  the  audience  would  make  any  attempt  at  rt^ 
lation  ineffective. 

There  are,  however,  certain  well  defined  rules  with  referent 
to  the  duties  of  the  house  attendaatrs  which,  if  carefully  observe 
will  materially  assist  in  tlirt*cting  the  movements  of  an  audieno 
following  an  alarm  of  fire. 

Organization  of  Employees.  — 

To  in,sure  the  best  results,  all  employees  permanently  con 
nected  with  the  theatre  should  be  organized  inti>  fire  drill  com  _ 
panies,  with  .special  duties  assigned  to  ea*;h.  While  it.  is  necessary 
and  important  that  the  members  of  these  conipanies  be  drillfi 
and  instructed  in  the  handling  and  use  of  all  fire  equipraentj  and 
pro|}erly  traineii  in  tlie  work  of  fire  extingin'sh merit,  the  firslj 
consitteration  is  the  safety  of  the  audience,  and  every  possible 
effort  should  be  made  in  rendering  assistance  to  the  ushers  in 
effecting  a  prompt  and  orderly  disanssal  of  the  audience.  This 
work  will  devolve  mainly  on  the  house  employees  in  the  audi- 
torium and  bu!r?iness  offices,  including  the  door  attendants. 

The  fire  records  show  that  mostly  all  theaire  fires  originatii 
on  the  stage  and  that  ftres  in  the  auditoritiia  are  of  infreouen| 
occurrence*     Mr.  John  K.  Freeman,  who  has  ma<ie  a  aiuuy  t 
theatre  conditions,  k  authority  for  the  slutemeut  *ThaL  in  th 
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[great  theatre  fires  of  history,  the  loss  of  life  has  commonly  ro- 
iBulteti  from  spreaii  of  flames  on  a  stage  covered  with  scenery, 
[followed  withiji  two  or  three  minutes  by  an  outpouring  of  suffo- 
I eating  smoke  through  the  proscenium  arch  into  the  top  of  the 
[auditorium  before  those  in  the  gallery  could  escape/  Fire 
[brigade  work  is  therefore  necessary,  mainly  for  the  stage  section. 

Fire  Alarms.  — 

AM  fire  signals  should  be  transmitted  by  an  electrically 
I  operated    alarm   system.     Recording    apparatus,    eonsisting   of 

Euncliing  register  and  lap  bell,  should  be  placed  in  the  main 
u sinews  office  or  in  the  box  office  and  ako  in  the  office  of  stage 
manager,  provided  there  is  ssoraeone  on  duty  in  these  offices 
during  the  entire  performance. 

Antiouiiceiiient  to  Audience.  ^ 

Upon  receipt  of  an  alarm  by  the  stage  manager,  or  ivhen  fire 
is  discoverfHl  in  the  stage  section  before  an  alarm  is  .strut.^k,  the 
curtain  should  be  dropped  immediately  and  the  stage  manager 
or  someone  of  the  actors  whom  he  may  designate,  should  come 
before  the  curtain  and  announce  the  discontinuance  of  the  per- 
torntanee.  Upon  the  wording  of  the  armouucement  aij<l  the 
manner  of  its  delivery  will  depend  largely  the  conduct  of  the 
audience,  and  it  is  strongly  recommended  that  a  form  of  announce- 
ment be  i>repared  and  printed  or  typewritten  and  copies  thereof 
placed  at  the  punching  register  and  also  in  the  hands  of  the 
various  stage  employeess-  The  announcement  should  be  brief 
and  somevvluit  after  the  following  order: 

*1  am  instructed  by  the  management  to  announce  that  it  will 
be  necessary  to  discontinue  the  performance  and  to  dismiss  the 
audience  immediately-  The  management  further  requests  that 
each  one  remain  seated  until  music  is  furnished  by  the  orchestra 
and  in  leaving  the  hou.se  to  follow  the  direction  of  the  ushers 
stationed  in  each  aisle.' 

EiJts,  — 

'V^Tiile  the.  announcement  is  being  made  each  usher  and  door- 
man ui  the  parquet  J  balcony  and  gidleries  will  move  forward  in 
the  aisles  and  give  oral  direction  to  each  section  as  to  the  exit  to 
be  used;  the  orchestra  nieanwhilc  having  begun  playing  suit- 
able march  time  music,  it  has  been  repeatedly  shown  that  the 
orchestra  offers  one  of  the  most  effective  means  known  for  con- 
trolling theatre  audiences  in  times  of  threatened  panic* 

For  the  assignment  of  exits  the  seating  plan  on  each  floor 
ebould  be  divided  into  sections,  and  to  each  section  there  should 
be  assigned  certain  exits,  according  to  the  relative  discharging 
capacities,  so  that  the  time  required  for  discharging  the  number 
apportioned  to  any  one  exit  wouU  average  about  the  same  for 
all.  Each  usher  and  doorman  should  be  provided  with  a  copy 
of  seating  plan,  on  which  should  be  indicated  the  ejdt  assignmeata 
in  detail,  Ushexa  should  be  required  to  remain  on  duty  in  their 
respective  sections  throughout  each  performance. 
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In  arliiition  lo  the  lights  over  the  exits  then?  shouWi 
number  of  signs,  tirefcrably  of  thv  ilhirainated  typi*f  coo^wi 
riutplayt^i  on  each  floor,  iiidicatiag  the  location  of  all  exits. 

Fire  Alarm  Boies*  — 

Fire  alann  boxc\s  sliould  be  ijlacocj  where  tiie^'  can  be 
veniently  reiu  heil,  but  not  in  general  view  of  the  auciioif^' 
the  average  theatre  there  should  be  a  box  on  each  sidpi) 
parquet  on  the  wall  and  tn  rear  of  last  row  of  seat^s  and  m 
m  nmin  lobby  near  the  doorway.  For  balcony  and  galleri^ 
ftliould  be  two  boxi^,  one  at  each  side  of  theatre  behind  tb 
row  of  seats.  For  the  t>tage  there  should  be  one  box  on  iJi 
wall  and  a  box  on  eaeh  side  near  the  proseemiim  wall,  and* 
necessary  additional  boxes  in  dressing  room  quarters  lUM 
penter  shop.  The  boxes  in  the  auditoriuoi  sJiould  open 
noiaelesfily  m  poHHible  to  avoid  calling  attention  thereto. 

An  auxiliary  box  connected  with  the  city  alarm  eircuiti 
be  installetl  io  the  stage  section  and  in  the  main  busings 

Uniformed  Firemen.  —  fl 

The  practice  of  assigning  firetnen  in  uoeform  tcfli 
during  perforin  an  ce-H  h  to  be  commended;  their  presenc 
serve  to  inspire  confidence  and  to  refissure  the  audientse  i 
of  alarm;  they  may  also  render  valuable  assijstanee  in  tJM 
of  fire  extinguishment.  It  is  beUeved  that  in  addition  t^i 
ing  firemen  to  the  parquet  floor  they  should  also  be  si 
the  balconies. 
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Organization  of  Fire  Companies.  — 

l*br  fire  extinguishing  work  the  fire  drill  organisjatiS 
conNist  fif  two  eoraj)anie:^,  e^ieh  under  the  tlirectitjn  of  a  a 

One  company  to  include  all  employees  in  the  audi 
and  officer,  ushers  and  orchestra  exceptetl,  to  be  known  as 
pany  No.  L  A  second  company  to  include  all  employees 
stage  section  J  to  be  knowm  as  Company  No.  2. 

The  captain  of  each  company  .should  be  someone  in  auti 
for  No.  1  Company  the  hoiLse  manager  or  one  of  his  assli 
for  Company  No.  2  the  stage  manager  or  one  of  the  more 
gent  stage  mechanics. 

Each  member  of  both  companies  to  be  assigned  to  du 
follows : 

For  each  base  stream  —  one  valveman  and  two  pipeme 
valvemen  to  remain  at  valve  on  standpipe,  turn  on  or  off 
and  pipemen  to  direct  and  hold  pla^^-pipe  and  to  stretch  ho« 

t  •hemica!  engine  nmn :  three  men  to  be  assigned  tc 
engine^  one  man  to  remain  at  tank  to  operate  main  vidve  ai 
mim  to  unreel  hose  and  direct  noszle* 

Where  additional  men  are  available  they  should  be  as 
to  the  UbJe  of  the  hand  extinguishers,  axes  and  fire  honlcs. 

The  stage  electrician  should  be  attached  to  Company 
and  be  subject  to  the  direction  of  the  eaplain.    He  should 
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ia  daily  test  of  the  alarm  system  from  alternate  boxes  and  keep  a 

i  record  thereof. 

B         Where  automatic  sprinkler  systems  are  installed,  all  valves 

controlling  water  supply  to  the  system  should  be  strapped  open 

and  regularly  inspected  by  the  house  plumber.     Report  thereof 
^  to  be  made  weekly  to  the  captain. 

,  One  member  of  each  company  should  be  assigned  to  make 

"(  daily  inspection  of  all  fire  escapes,  exits  and  stairways,  and,  where 
,  doors  are  not  provided  with  automatic  opening  devices,  to  see 
J  that  they  are  unlocked  and  ready  for  instant  use.  Particular 
J  attention  should  be  given  to  fire  escapes  where  exposed  to  accumu- 
,  lations  of  snow  and  ice.  Prompt  report  shoula  be  made  to  the 
,  house  manager  of  any  condition  existing  in  violation  of  rules. 

Cards  of  instructions  containing  full  information  regarding 

rules  and  duties  for  fire  drill  work  should  be  posted  in  both  the 

auditorium  and  stage  sections. 
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action.  800.  801  *,   802  *,  803  \ 

flush       celling      <'on- 

4. 

Mtruction.          607, 

bi nation  end-  and  wide-conHtnic- 

608*. 

m  arciiefi.  nrr  Torra-cotta  Arche*. 

in      San       Franeiseo 

binution  fioottt,  efficiency  of ,  631. 

build  inga,  820. 

fire  toHta  of.  631. 

inaulatml.  335.   336*. 

fur     reaidenoDts,      772,    ; 

"Kahn"  synt-m,  te»t 

773  ♦,  774  ♦ 

Ot,  6V^,                           ^^ 

1Q22 


moMX 


Cononto  flbonit 

**MiMlinxHn "     By- 

t«iii.018. 
paoflled  oeOinc  ooor 

■touetkm,         005, 

60«*r607*. 
IMUMled-dab        eoD- 

gtruetion,  012. 
pocition     of      leizi- 

foraement  in,  003, 

022. 
VMoiiBtnietion       of, 

021. 
reinforcement        In, 

003,004. 
**  8^;Mntely-inoi]ldDd 

vyitem,*'  018.  ^ 
nuDendea     nftijiinfUL 

for.  on*,  012*. 
tMta  of.  013,  etc. 
tliieknaw  and  weifiit 

of,  002. 

trpes  of,  001. 

^nit"  OFBtom.  013. 

waterfMOofincof,  335. 

German  fire  testa  gI,  242. 

strder   firotectioni,    008, 

oo»*. oio*  on*. 

in  Baltintore  fire,  170. 

in  San  Franoiaoo  fire,  245. 

02a 
loM  of  Strength  of  under 

fire.  248. 
N.  Y.      building     dept*a., 

tests  of,  243,  013. 
partitions,  407. 
protective  qualities  of,  286. 
residences,  776. 
roofs,  665,  666  *. 
rusting  of  steel  in,  286. 
stairs,  626,  527  *,  528  *. 
thenxud     conductivity    of, 

247. 
U.  S.  geological  survey  tests 

of,  244. 
vaults,  832. 

vs.  terra-Ksotta,  235,  252. 
walls,  041,  649,  650. 
Conductivity  of  materials,  355. 
Conflagration  liability,  60. 
Conflagrations,  Baltimore,    map    of, 
168*. 
causes  and  remedies, 

203. 
Chelsea,  185. 
comparative  areas  of 
Chicago,  Baltimore 
and  San  Francisco, 
8*. 
list    of    notable,    in 

U.  S.,  7. 
Pateraon,  N.  J.,  150. 
San  Francisco,  178. 
statistics  in  re,  6. 
temperatures  in,  192. 
Conservatory  of  Music,  Boston,  415. 
Continental  Trust  Co.'s  Bldg.,  Balti- 
more   fire,    171,    362*     404,   420, 
581  *  644,  657.  &30. 


Contraetor,  rMpDnsibOHj  ol,  m 
Copley-PlaMb  Hotel.  Boston.  655*. 
Copper  eowed  doon,  470. 
Com  Ezehance  Bank  Bldg.,  GhieaiD, 

Condeea,    1pR»-«o«tat     067,    m\ 

050*. 
Corrosion,  east  iron,  278. 

causes  of,  in  buildinii,  271 
fanportanee   of  proleefc' 

asalnst,  271. 
of  8|»rittkler  hoMis,  on. 
patent  plasters,  284. 
proteotion  of   ooloma  ii^ 

teriors,  281. 
xelstion  at  to  finpnMft« 

271.  -!--«-* 

steel,  278. 
Corrugated-inm  doon,  470,  477*. 

shutters,  433*  4H 
Costs,  efficieney  sa.  ineflBfoenqr.  321 
foetoriee,  etc,  100,  803. 
fire-vBsiBting  materials,  2ia 
majntenanoe  of  reaJdencea,  781 
mill  construotkm,  100,  1(B*, 

103  ♦,  104  ♦. 
iMnwBtaCSB   of,    on   itema  of 
construetioa  in  fire^eeJatiu 

7. 


theatres,  780. 

tin-covered  shutters,  405. 

windows,  metal  and  wire  ^aa, 
465. 
Court  walls,  055. 
Curtains,  theatre,  see  Theatres. 
Curtain  walls,  033,  050. 


"Dahlstrom**  metallic  doors,  483  <, 

484  *,  485  *,  498  *. 
Damage  by  fire,  to  Baltimore  buikl* 

inss,  202. 
Dead  loads,  on  floors,  330. 
Denver,  Colo.,  tests    of    terra-cotU 

ardiea,  588. 
Department  stores,  design  of.  298. 
Depreciation  of  factories,  etc.,  805. 
Design,  296. 

character  of  building,  297. 
column  protections,  347. 
elimination    of    combustible 

materials,  315. 
equipment,  315. 
factories,  791. 
floors,  324,  330. 
isaragea,  810. 
mstiulation     of     mechanical 

features,  314. 
iaolation  of  mechanical  plants, 

313. 
lightnahafts      and       interior 

courta,  310. 
location  and   exposure  bat- 

ard,  304. 
means  of  egress,    300,  717. 
811. 


N 
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tign,  partilkini,     38  L 

Dry-pipe  sprinkl*?rB,    inafallatifm  of,       ^^B 

requirementa  of,  296'. 

88a.                               1 

nesidenpf^R.  757*  pXp. 

principHea   of^               I 

»?hooisi,  740.  743,  ete. 

881.                                 1 

fltaira,  501,  509. 

»».  wet-pipe,  882.              I 

aubdivision   of    Ifrr^e    areas, 
305.                 -^ 

Dry  rot  in  timbers,  OS,  709.                              J 

Dumb  waiter  enelo^ures,  545.                   _^^fl 

theatrt?p.  607,  fift9.  701,  etc. 

^M 

vertical  openinga,  312. 

^H 

terior&tion,  causes  of ,  in  byildiQj^n, 

^H 

!72. 

Education,  in  fire  prevention,  3L             ^^H 

troit  Opem  Hoiise,  firo  in,  6 40. 

Electric  wriuR,  763.                                     ^^H 

xnea,  Guastavlno,  328. 

Elevator  eneloHures,  docirs    for,    4S9|i             ■ 

or  bucks,  8tep|.  40&. 

823.                               1 

or  frames,  for  rough  doors,  19  1  *. 

in  garag(^,  821.                M 

ore,  "AbacuaNo,  3,"  4fi2  *. 

typea  of,  540.            ^^ 

'^\iax;'  476*. 

Elajniaatiun  of  combustible  or  dam-     ^^^| 

automalic  horiaontal,  488. 

agaable  materiala,  315.                      ^    ^^^| 

aiitnmatiic  vertical,  4S7. 

Eniergency  acoea?,  303.                                 ^^^B 

HUlomJitEcEiUy  pto-sing^,  48(i, 

Ernergericy  egress,  301.                                      1 

care  and  raaintenaafe  of,  500. 

Employeea,  aafety  of,  in  factorifa,  809.              ■ 
End-conatruction  arches,  set-  Terra-      *        1 

corupositc,  474,  476*. 

copper-covered,  470. 

cotta  ArnheiS. 

eoiTUKRted-iron,  47B^  477*. 
■DahLtrom,"     483*,     484*, 

Eacalatora,  718. 

*'Eaty"  sprinkler  hejid,  872  *. 

485* 

Equipment  auxiliary,  851,  860,  862. 

for  yard  hoae  houses,  982. 

double  fire,  48ft,  491*    492*, 

493*. 

in  factories,  806. 

double    atoel     rolling,     492  *, 

necessity    for,    315,    851, 

493* 

860, 

for  belt  openmRa,  845,  648  ♦. 

rating     for,     in     typical 

frames  for,  494  *,  465  *. 

building,  67. 

fusible  Vuika  for,  488  *,  489  *. 

theatre,  736. 

gamge,  821,  822*    824*. 
jamb«i  and  trim  for,  497  *. 
kalamine,  481,  482*. 

EnuHabln  Building,  Baltimore,  163*, 
335,  645. 

Eqiiitalile  BuiMin^,  New  York,  504, 

trim  for,  497  *. 

834,  855,  973. 

Kinnear,  477,  480,  491,  492*. 

*'Excelaior'*   hollow  tile  archer^,    567, 

metallic,  483  *   484  *,  485  *. 

568* 

trim  for,  498*. 

Exita,  achool,  749.                                        ^m 

opc^ninft  devicea  for,  716. 

theatre,  70  L                                       ^H 

parLv  Willi,  490  *. 

Expanded  metal  lath,  (IGl  *,  ^92  *.            ^H 

"Fcene,"  822*    824*. 

Esplo*(ive.H,  843.                                             ^ 

plate-iron,  471,  490,  491  * 

Exposure  hazard,  <;auseK  of,  34. 

requisites  for,  466. 

locations  involving, 

"Richardson/'  482*. 

304. 

*'8aino,  '  477*. 

protection  against. 

fihafL  oppfting,  645»  840  *, 

418, 

Btwl  rolling,  475,  478  *,  479  *, 

tatin.g     in     typical 

491,  492*,  493*. 

building,  66. 

theatre  rcN-j  ut  re  men  ta  for.  71ft. 

rnofn  in,  5li3, 

tin-  and  asbeatoa-clad,  470. 

Extunt  of  fires,  in  European  citiea,  15. 

(in-clad,  487,  468  ♦  480,  490  *. 

in  I'.  iS.  and  Europe 

trap,  489. 

compared,  14, 

"Turn  Over,"  824  *. 

tvp*is  of,  466. 

^^^H 

vault,  832,  833. 

^H 

wait  pocket  for,  490  *. 

"Wilai^m  ArranRemcnt  No.  1," 

Face-brick,  223.                                                   1 

478  *,  470  *. 

Factories,  combination  concrete  and               1 

Wilann,   with   arched  lobbiea, 

iBilI      construction,      800,               1 

1    493* 

801  *,  802  *,  803  *.                          1 

or  sills,  494,  495  ♦,  496  * 

concrete,  800.                                     M 

uble-glaxed  aaMh,  452,  453  *. 

coHta  of,  100,  803.                        ^^ 

depreciation  of,  805.                   ^^^| 

|f'Pi[>e  ftprinklera^  air-proasure  for, 

tlwijtn  of,  208,  302.  791.           ^H 

et|uipmeat  for,  8(J0.                     ^^^m 

diaadvantagfls 

fin'  alnrtn  ay  at  em »  in,  812.             ■ 

of,  862. 

fife  drUlii  iu,  S13.                            J 
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Uibti 
798 


FaotariMi  fln  imimstioii  for,  806. 
iniUFMiMof.  808. 

i  and  windows  in,  792. 
798  ♦. 

BBOwnt  in,  807. 

ial«8nM.811. 

mill  oonatraetkii,  00,  etc., 
798. 

nxm,  fVo. 

miIb|^   oI   empbyees    in, 

flhaftinc  for,  794,796*. 
0teel4nme,  797,  799. 
mbdiviiion  of  uurfe  aroM 

In,  808. 
tiypM  of  ooBftnietion,  791. 
wntar-tii^t  floors,  794. 
Fkoton  of  Mifstr  i»r»fkn  piotootlon, 

888. 
"Fftir"  BuUdinc,  Ghiei«o,  884*. 
Fliinnont  Hotel;  Sui  Fhmoitoo,  887. 
FmiIIst  ocnurtmotlon,  904,  873,  817. 

onuflMof.  880. 
Feno-Mbastio  doon,  474. 
FenoittfllBTe,  889.  074. 

toofinc.  869  *,  685. 
siding,  270. 
Filfine  Baitdli»,  Boirton.  376  *  662  * 
FlM  Arte  Bniiainc.  StTlouis,  338. 
Fire  fllamis,  "aero,**  915. 

aUowanoea  for,  918. 
aafcomaUo,  908,  910. 
central    station    watch, 

954. 
department  store,  1013. 
efficiency  of,  909. 
factory,  812,  1005. 
in  Baltimore  conflagra- 
tion, 917. 
installation  of,  911. 
in  theatres,  1016. 
journal-bearing,         916, 

917*. 
manual,  911.  921,  955. 
school,  762  *,  1009. 
signal    stations    for,    in 
Boston  schools,  752  *. 
sprinkler,  010. 
thermostats,  912. 
types    of,     911,     914*. 

915*,  917*. 
vapor,  016. 
Fire  curtains,  721. 

asbestos,  723. 
Austrian   experiments, 

721. 
fire-resistance  of,    722, 

723,  etc. 
functions  of,  722. 
Kinnear,  726*   727*. 
metallic.  724. 
steel  and  asbestos,  728*. 

729*. 
types    of,    722,    725  * 
726*,    727*,    728*, 
729*. 
under  roofs,  674. 


Fire  departatenta,  limitaiioiM* 
856,  858. 
diaoovery  of,  908. 
driUa,  800,  801,  979,  lOOO 
in  department  store 
in  factories,  813, 1 
in  80hoolsr758,  10( 
in  theatres,  738,  1( 
Fire  escapes.  300,  638. 

aooev  to  roof  fio 
Boston      requin 

534*. 
circular     stair, 

687. 
drop  ladders  for, 
exterior,  533,  711 
faetory,^  811. 
HambuTK,  531, 1 
Interior,     539  *, 

582*. 
Kiricer-Bender, 

538*. 
New  Jersey  regi 

in  re,  534. 
on     Iroquois     1 

719*. 
Philadelphia 

530*. 
requirements  for 
school,  751. 
theatre.  719  * 
tower.  529  *,  53€ 

533*. 
windows  at,  535. 
Fire  (chemical)  extinguishers, 

932,  933. 
Fire  (powder)  extinguishers,  9 
Fire  insurance,  agents,  39. 
a  tax,  57. 
example  of.  in 
building,  63. 
factories,  808. 
inspection      b 

50. 
methods  of  rat 
Mutual      Com 

56. 
National      Bo£ 

F.  U..  50. 
Origin  of  in  U. 
rating      for 

bunding.  65. 
rating    organic 

49. 

rating      slip. 

Board  of  F. 

fireproof  bid 

relation   of   to 

iii^  construct 

statistics  of,  in 

58. 
"Universal",^! 
tile    ScheduJ 
Fire  losses,  annual  in  U.  8.,  2. 
comparative  in  U. 
Europe,  11,  21. 
compared      with 

National  debt,  el 
causes  of  in  U.  S.,  1 
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is  losses,  in  buildinA^,  eomparGd  to 

FircB,  Home  Buildiage,    PittHburgh,             | 

sound  valvL\  202. 

137,  139*,  HI  *,  14^,  422.                 ■ 

iacreaac  year  by  year,  3. 

Hurat  Bmre  Building  ,312,917.            ■ 

in  Italian  cities,  14. 

in  Boston,  1881  to  1909,  25.                  ■ 

mlaimbing  of.  203, 

in  fire -resisting  build  inggi,   127.            ^M 

on    Uultiinoix:    buildings, 

in  mill  conatruction  warehouse,      _^^^ 

193. 

^^M 

per  capita  in  U.  S.,  9,  12, 

in  school  buildings,  740.                ^^^H 
in  aprinklered  riska,  896*                ^^^^| 

18. 

per  capita  in  U.  S.,  aod 

Ircjqyoia    Theatre,  153,    15fi  *,      ^^B 

European  cities^  13. 

698,  719*.                                           ^ 

B  pail3,  922,  926  *   927,  933. 

losses    on    fire-resiating   builds            ^M 

re  prevention,  defined,  24.                     ^ 

ings,  193.                                                ■ 

rtfprooF,  defined,  207, 

Manhattan  Savioga  Bank,  12S,            ■ 

paiDta,  939; 

522.                                                 ^^H 

reproof eti  wtjod,  260.  412. 

Maryland   Trust   Co.'s  Bldg.,     ^^H 

re  protection,  cost  of  io  U.  S.,  9. 

170,  58 1*,  582  f.                         ^^H 

courses    of     instruc- 

Merchant!!!^     Xatioual     Bank.     ^^^H 

1                              tion  in,  35. 

174.                                                  ~ 

P                        defined,  33. 
f                        library,  36. 

requireniKnta    for 

Metropolitan  Opera  House,  132. 

Minucai>oliH  Lumber  Exchange 

131, 

eouiplete,  85 K 
ire  pumpa^  87fi,  961.                               ' 

LTB-reaisting    eout>  true  tion,    «ee    aiso 
Deainni. 

'                      definitioo  of,  207. 

New  England  Building,  Boa- 
ton,  218. 

Pacific  3  talea  Tel.  <k  TeL  Bldg . , 
353,  368  *   439  *   440  *,  46ti. 

Parker     Building,      183,     349, 

351*   853, 
Pateraon,  N.  J.,  150.  653. 
Phelpa  Publiahing  Co/a  BldifM 

903, 
Roosevelt  Building,  162,  522* 

f                    efficiency  of,  317,  323. 
1                      lirat  teat  of,  130. 

rflquireinents  for,  296. 

ire-retarding  paints,  93  S. 

solutions,  940. 

jea^  Aach     Building.      186,      187* 
189 +,  422,  53.5,  810. 

San  Francisco,  178. 

Schillar  Theatre  BidK..ChiQ8g0» 

Baldwin    Locomotive    Works, 

640. 

903. 

echoot,  740.                                    ^H 

Baltimore     and     Ohio     R.  R. 

tempera turen  in,  192.                   ^^^^H 

Co.'aBldg,,  lao*. 

theatre.  897,                                    ^^^H 

BaJttmore  conflagration,   tS5. 

Union    Trml  Co/a    Building,     ^^M 

Calvert    BoildinK,    159*,  167, 

169,  351  *   581  *                                 B 

352*   582*. 

Vanderbilt  Building,  142.                       ■ 

causes  of,  2fl,  28,  29,  69S,  758, 

vearly  increase  in  number  of,             H 

814,  S38.  845,  SiH, 

24.                                                          ■ 

i         Chelsea  conflagration,  185,  663. 

Fire  stopg.  763,  764  *,  765  *.                           fl 

Chesapeake  &  Potomac  Bldjj,» 

Fire  walk,  307,  660.                                 _^^H 

174* 

''  First  aids/'  737,  753,  786,  857.            ^^H 

Chicago  Athlptic  Club   Bldg., 

Fireworks,  844.                                          ^^^M 

1           135,  422. 

FtHher  Bld«„  Chicago.  661  •.                     ^^B 

K     Cocbeco  Mill,  902. 

Flat  Iron  Building,  New  York,  413.                H 

P      Collinwood  school.  740. 

Flood  Building,  San  Francisco,  363.                fl 

!        Continental  Trust  Co.'s  Bldg,, 

Floorings,  fHiiibed,  339,  342,  575.            ^^M 

171,   3.'>2*,   404,  420,  581* 

Floors,  aaphalt,  341.                                   ^^^H 

544,  957.  830. 

beam  tables  for.  332,  333.             ^^H 

control  by  crjnstniclion,  33. 
1        Detroit  (ipeni  House,  ft 40. 

brick,  323,  326  *,  327  *                 ^^M 

cement,  340.                                           ^1 

p        Equitablu  Building,  Baltimore, 

cinder  fill  for,  339.                                ■ 

f              163  *,  335,  fl45. 

concrete,  Jim  Concrete  Floori.             H 

'         Equitabli'  Building,  New  York, 

design  of,  324,  330,  602.                       ■ 
finished,  339,  675.                                  ■ 

604,  834,  835,  973. 

garaffj,  B14. 

Girard    Ave.  Theatre,    Phila., 

garage,  821.                                          ■ 

granolithic,  341,                                      ■ 
Ona^tavino,  328,  329  ♦,  592.              ■ 

1              724. 

'         Granite    Building,   Roche»t«r» 

hfiHP  hole^  in,  337,  338  *,                      ■ 

(              177,  385*   422, 

insulated,  335,  336  *.                             ■ 

Herald  Building,  J  65,  351* 

in     Herald     Building,    Baiti-             ■ 

Homo    Life    Ins,   Co/a    Bldg,, 

UiQFts  fire,  166  *.                                   H 

144,    145*.    336,    384,    419, 

in  Home  Lift;  Ina,  Bldg.  fircb            H 

420,  S53. 

145  ♦.                                                    M 
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Fkwn,  in  Home  Ofllw  Bufldfng  fin, 
141  ♦. 
in  Horn*  Store  Building  fire, 

13«*.  --— • 

load*  on,  880. 
mill  ooostniotion,  77,  88  *. 
monolithie.  259. 
reouirementa  for  fire-reeistins 

oeeign  of,  8S4. 
eesDoental,     •«•      Sefmental 

Tbrra-ootto  Ardiee. 
■teel-^oven  oak,  841. 
termr-eotto,    tee    Terra-ootta 

Arohea. 
terraao,  341. 
tert  requirements   of   N.  Y. 

bide,  dept.,  128. 
tie-roda  for,  838. 
typea  of  fire-reaiating,  824. 
tsrpea  of  flre-renatdng,  aeleo- 

tion  of,  845. 
watwproofins  of,  885,  704. 
Fore  River  Ship  Building  Go.'a  Bldg., 

804. 
Foreat  Quunbera  Apartmenta,  N.  Y., 

484V485*. 
Foreat  Theatre,  Fhlla.,  708. 
Foyera,  hi  thaatrea.  715. 
Freeaing  of  fire  paUa,  etc..  024,  927. 
"    '  ht  elerator  enelcMure  doova,  499, 


Frequeney  of  firea  in  U.  S.  and  Eutope 

compared,  14. 
Fumaoes,  788. 

Furred  oeilings,  see  Su^)ended  Ceil- 
ings. 
Furring,  concrete  wall,  649. 

cornice  and  cove,  691  *. 

exterior  wall,  647. 

gypsum  block,  649. 

hoUow  brick,  647. 

insulation,  649. 

metal  and  lathing,  648,  689. 

terra-cotta,  648*. 

wall,  647,  648  *,  689. 
Fusible  links,  488  *,  489  *.  865. 
solder,  865. 


Garages,  care  of  premises,  824; 
causes  of  fires  in,  814. 
construction  of,  821. 
design  of,  816. 
elevators,     stairways     and 

doors.  821,  822*,  824*. 
filling  of  tanks  on  machines 

in,  817. 
fire  hazards  in,  814. 
floors  in,  821. 
heating,   lighting  and   fires 

in,  816. 
"PeeUe"  doors,  822  *,  824  * 
private,  825. 
public,  815. 

sand  and  deterrents,  823. 
■ewer  connections  prohibited 

in,  820. 


•torafs -fauikg,  pipiai,  th 
81 7«  < 


817,  gaa 
types  ol  oonatnietbn,  SB 
Tmfeilatkm  of  ,  83a 

'  onwe  of,  etc,  817, 

teets  of  burning,  034. 
QiDendor  Bulldina,  N.  Y., 

ol  steel  in,  876,  384. 
Girard  Ave.  Thenlape,  FhHa..  724. 
Girder  protsetions,  bviok.  338*. 

oonemte,     317| 
e08,800Mr 
•II*. 
fiwrosiirfsiim 

848,584. 
mtrtal  'oiipi 

587. 
plnte-   and 
688,         IIO*. 
•II*. 
.    ndaed  fkewbeek^ 
68fr*.  587*. 
tema  eotta,  S84^ 
686*       5M*. 
687*,      «r' 
•10*  811*. 
Girders,  enleulatloa  of,  881. 

ptoteetion  of ,  SM  Girder  n*- 

tCMitiona. 
taUea  of  steel.  888,  831 
Glaaa.  aee  Prism  GUum,  Wire  Gbft 
Glased  briek,  328. 
"Glasier**  muveraal  roof  noarie,  9I7«. 
Grand  Central  Station.  N.  Y.,  448*. 

449*. 
Grand  Opera  House.  N.  Y.,  736. 
Granite,  action  of,  under  fire,  160 
216.  635. 
damage  to,  in  Baltimore  fire. 

160*   217*. 

fire  tests  of,  218. 

Granite    Building,    Rochester,    177, 

385  *.  422. 
Granolithic  floorings,  341. 
Gravel  roofing,  683. 
.jGravity  tanks,  875,  921,  961,  987. 
Grille  elevator  enclosures.  540. 
Grinnell  sprinkler  heads,  871  *.  872*, 
885*. 
straightway     alarm    valve, 
87¥*,  880  ♦.  881  * 
Guastavino,  d(»ne  construction.  32^ 
floor   construction,  328* 

329*   592. 
stair  construction. 
526*. 
Gim  powder,  843.  844. 
Gypsmite  studding.  257,  409. 
Gypsum,  257. 

partition  blocka,  304. 
wall  furring  blocks,  849. 


Hall  of  Justice.  San  Francisco.  387. 
Hall  of  Records,  San  Francisco,  462. 
Hamburg    tower   fire    esoapea,    531, 
532*. 


H( 
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Rrtman  Theatre,  Columbus,  Ohio, 

Isolation    of    heating    apparatus   m            H 

729.* 

»ehooEa,  741.                                     H 

averatraw  hollow  brick  arches,  570*. 

mtichanic^al  featun?»,  314«             ■ 

furrinKt  647, 

mechan.it'al     plants     and             ^M 

eating  appamtiLH,  741,  763,  81S, 
Bight  of  building  m.  fire  prntcction, 

special  hazards.  3]i3.                  H 

ptaira,    504,    747,    74S*,            M 

853,  Ha4.  S55. 

749  K                                   ^^H 

ereld  Build! ug,  Baltimore  fire,  165,    i 

^^^H 

351  * 

^^M 

fJerrinjtbone"  expanded  metal  lath, 
392  *. 

'*  Johnson  Long'-apan"  floor  construe-            V 

igb  pressure  water  supp|i>\  9fl2. 
ame  Life  Ins.  Co. 'a  Buddinjc,  144, 

tion,  562  *,  563  *,  564,  774  *.                         ■ 
Journal-bearing     thermosstata,     916,             H 

145*   335,  384.41ft.  420.  853. 

917*.                                                                ■ 

orne  BuildiugB,  Pittsburgh,  ftrp  in. 

K                                        ^^B 

137,  139*   HI*,  14S,  422. 

DSCr  automatic  valves  for,  954, 

Kalamine^.  doora,  48 U  4B2  *.                     ^^H 

uare  of,  965,  984,  999. 

trim.  497  *,  498  *.                   ^^M 

c3ottun,  rubb*?r  lined,  9S3. 

window*,  444  *.                          ^^^B 

\        holed  in  floors,  337.  338  *, 

Keany  Squart;  Truat   Bldg..  Boalon,             V 

1         bousefl    for    yard    use,    981  *, 

627  *.                                                                  M 

983  * 

Keith's  Thi-atre,  Boston,  736,  737.          ^^M 

outlt;t3  and  valvea^  903. 

Kero!4C'ne,  839.                                               ^^H 

racks  and  reels,  9fi3,  964  *. 

"Keystuuti"  plaster-hlock  partitioaa,     ^^^1 

titandpipe,  965. 

395,  3^7,  415.                                            ^^M 

ts.     hydrants     and     cast-iroa 

Kinnear    firo    curtains    for    theatrefl,     ^^^H 

piping,  984. 

726*,  72T*.                               ^^M 

OBG  atream-s!,  Dflicriency  of,  859. 

fire  shutters,  430,  437*,  488*.      ^^M 

steel  rolling  doors,  477,  480.            V 

by,  858. 

491,  492*.                                         ■ 

otels,  297. 

Kirker-B^nder  fire  escapes,  637,  638.             ■ 

aprinklera  in.  904. 
Howard"  swinging  hose  rack,  964*. 

Kohl   Building,  San  Francisco,    414,              ■ 

423,  482.                                                             M 

uret  Store  BuiJd Lu«,  Baltimore,  312, 

Kulme's  clincher  lath,  693,                           ^^^H 

017. 

^^^^H 

SLy-rib"  steel  sheathing,  825*               ' 

^^1 

^ 

Larkin  Co. 'a  Building,  Buffalo,  N.  Y.,             V 

BP 

836.                                                                     ■ 

Light,  311,  792.                                            ^^M 

iCendmrism,  27. 

disunion  of,  2{t7.                               ^^^H 

ipection.  318. 

Lighting  of  factories,  792,  793  *              ^^^H 

buneauH,  56. 

garages,  816.                             ^^^H 

|AM2«tioD    and     maintenanre,    iiij- 
*                               purtanee  of.  986. 

theatres,  718,                                 V 

Lightning,  protection  agaiuBt,  845.                  ^M 

^^                  in  theatres,  738. 

Light-Hhafia  and  interior  oourta,  310.      ^^^| 

^^^^               of    automatic    &ra 

Lime  mortar,  255.                                      ^^^H 

■^B                     alarms,  997. 

permeability  and   por-     ^^^H 

^^1                   of  sprinklers.  98  tt. 

oi^ity  of,  283.                   ^^^1 

rusting  cuusedl  bv,  284.             ^| 

^                               hose  racks,  9t»8. 

Lime-of'Tiel,  257.                                               ■ 

iiUlated  floors,  335.  336  *. 

Limestone,  action  of  under  fire,  218,             ^| 

MurMwe,  «tr«  Firc>  Insurance, 

<t35.                                             ■ 

injurious     to     steelwork,            ^1 

4tBTlookod  plaster-block  iiartltions. 

a  86.                                    .^^H 

39ft. 

Limitations  of  areaa,  308,  383.                 ^^^H 

Intcrmitioaal"  sprinklor  hood,  872  *, 

Limitation  of  occupancy,  299,                 ^^^H 

885  *. 

Live  loads,  un  fluorn,  331.                          ^^^H 

[nvinrible"     terra-cotta     columns, 

Loads,  dpad,  on  HofKa,  330.                             ■ 

379  *- 

live,  on  fioorH,  330.                                H 

oquoid  TheatrtJ,  croaa-scction    and 

lx>ad  tests  and  factor  of  safety,  for             H 

plan  pf,  156*. 

terra -eotta  arches,  595.                                   ■ 

fins      escapes      on, 

Ixkcation  and  exj*nsure  baaard,  304,             H 

719*. 

700,  742.                                                          ■ 

...                     fire  in,  153,  698. 
IJaiiifB  of  dangemua      fr<a turn's      in 

Loft  buildings,  29!},                                           ■ 

"hi-!$eetiuual"      plan              B 

garages,  816. 

of,  303  *.                               ■ 

r                dang(^rous        risks        in 

Lo»9  of  life  by  fire.  9,  698.  740,  757,             ■ 

thetttrBd,  701, 

810,  lOOO,                                                        ■ 

laas 
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Lowwi.  fin?,  »fe.  Fife  I^ossee. 
Lpaisvill«|  Ky.,  Higb  StJiqqI,  538  *. 
LymMi  Dii^tnot  gcbooLt  East  Bo»ta&f 
743*.  741*,  7UK 

M 

MMOMBto  n3tcQrdisr8,  itee  Wntch-HoLocks. 
.  lAaMllth.  «#a  Sot^L  Stoov. 

flud  MaiiktDtii&iitje'i 
cbemicol      fire      ei^.- 

tlDfuiaherft,  §30. 
fife  p&Lb,   f;t€,»    ^34, 

ManhattaD  ^vms^  Bank  firs,  iSt, 

522. 
ManMrd  roof  a,  67^  *. 
Manual  bo 3i«».  All^  ^21.  ^^^^  ^^d- 
* '  Manufar-  e  u  rem*  *     sprinkler     Iwad^ 

gn  *. 

Mj^rbJt^  action    of    uncipr   fire,    218* 
521,  522,  (J35. 
deat ruction  of,  in  Bttltimore 

fire,  uy*. 

firt^  tL'^tii  of,  2 IS. 

MurbLc^iia,  we  So  ml  Stone^ 

M^^rbolJth,  *tw  SoTol  8tQiie. 

Marlhc^rouiEh-Bleiilielm  Hotel,  Ailao- 
tic  Citv.  m,  641, 

Marylanti  TniHt  Co/a  Bldg.,  Balti- 
more fi]^.  UU,  a  SI  *    5gU*. 

MasQary,  permeability  of^  2S4. 

Materials,  ftre-refliHtinK^  cost,     avail- 
abilitj,  310. 
dcfinltioD  of,  207* 
efficiency  of,,  2 OS. 
Limitatbni»  of,  203. 
ittrenatb  of,  200. 
Mayer    Israel    Bldg.,  New   Orbflas. 

659*. 
McClurg  Store,  Chicago,  4S9. 
Means  of  ciytresa.  300,  117.  SIL 
Merehant4ii'     NiitioDaJ    Bank,    Balti- 
more, 17i. 
Metal  and  wire  gloaa  encloKure»,  £03, 
SOfi  •.  SOT  *,  64  3 ,  54  3  *.  M4  *. 
covered  trinit  413  *,  i23,  483  *. 
fumitiire,  HS5. 

advajitagtiH  of»  83  G. 
use  of,  336. 
Metal  lath,  6fllMS&2* 
Metal  lath  and  planter  ctjilings,  131 
coliunn  protec- 

tiona.    Ui^    Sii, 
3110* 
conduct!  vi  ty  of  t3  fl  5. 
fuiriDg,  Oia,  6 SO. 
partitions,       3BH  *, 
300*  391*, 

392  *,  303. 
r^denees,  757.. 
wall    furring,    $4S, 
080. 
Metallic  dooFS,   483*.    484*     485* 

498*. 
Metallic  Hre  fiunains,  734. 


1 


M&va\  lumbor,  7e3,  76»  *. 
Metal  trim,  413  *    497  *   408*. 
Mctropolitau  Life  Tower,  8SS. 
Mi^tropoltlaa  Opera  Hi>U50  fire,  Ht 
Mill  (Mjnfft ruction,      advantagies    n 
disadvantaeeif  oft  79  ft. 
approximate  eaat  of,  KM), 
beltt    i?lain*'ayT    and  ekinb 

t^wera,  80  *. 
coat     diagrams,    102  *,   103 

104*. 
deinitioQ  of^  75. 
depreciatian  of.  SOB. 
detail  of  C.  L  wall  box  forflm* 
tiinbera,  83*. 
floor    girder   on    n 

plate.  »3* 
poflt     and     rOGif   tj 

bersJ.  at*, 
roof  at  divbkxi  w 
'  89*. 

roof     limber   on  cnl" 

amn  cap K  ^84  *. 
roof    limber  os  irtID 

plate,  82  * 
*'Hnw-tooth ""   rail 

valleyp  97  *. 
typical     ooJunin  luJ  ' 

tirder     conDtjjciJDH* 
4*. 
dry  rot  in  timbers,  08.  7S9. 
faet^[lrfeii.  B9.  etc.,  7 §3. 
000'rM,  77. 
four-stor\'-  atorehouite,  SI*  Sl^ 

87*. 
ideal  mill  plant  layout  of  ^ 

protection.  72,  73  *. 
limitfitiona  of^  70. 
orie-fltorj'  fltorebouae,  §8*. 
oae^atory  workshop,  00.  Sl*^ 
X>OBtfi  or  i^lu£ci£ii3  for.  79. 
requiromeEitfi  of   Nat.  Bd. 

F.  U.,  98.  I 

** saw-tooth"    roofs,    92,   B3*, 

95*    97*. 
Bteel  Kirdors,  7S. 
typical  mill  buildiogf  81  *. 
uae  of,  <J9. 
t^.  concrete.  304, 
wrong  appHcations  of.  7L 
MiHs  Buildiiig^,   San    Franciseo,  314 

593. 
Milwaukee  Electric  Ry.  &  LigbtlCo.'i 

BlditM  5fi9  *. 
Minneapolis  Lumber  Exchanjee  &e, 

131. 
Moulure  from  pipea,  201. 
Mopadnoek  Budding.  Chiea^„  I7S^h 
^'Moibkivh'*  tile  block  columns.  37S*.  <  - 
MoDOlithio  floors,  350. 
Mortar-blfMike,  conductivity  of,.  a&4 
fire  testa  of,  254. 
manufacture  of^  35t 
Mortars,  cement^  250. 

fire-rcabtancs  of.  256. 

lime,  25^. 

uermeabiUty    and    poroatj 

of.  283. 
use  of,  255. 
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Hrt  Ryhw>l,  Chif*ago,  750*.  731  *. 

Open  Hprinklf  rs,  orifirf-s  of,  886. 

Lions,  4511.  ftfif^. 

pipe  fliaeti  for,  887  *. 
ridge  poiR,  885  *. 

iripal  BiiiWioK.  N.  Y..  856. 

ifehroom "    system    qf    reioforcpfl 

rise^rR       and       feed 

ncretc,  612. 

maiiii^,  S88. 

if-  Building,  CKicaicD,  4H. 

tests  of.  890. 

ual  Fjru  Ins.  Go.'e,  56. 

tvpes  of  headH,  884, 

ual    Life    BLdg.,   Ban    Francisco, 
bdition  of  ateei  m,  274* 

885  *. 

u^of,  884,  891. 

valvcf*,  888. 

N 

wftter    supply     for* 

888. 

btha,  839. 

window     protection 

tco"  poliinm  iTionat ruction,  379*. 

thruujEh,      425, 

hollow    tile    blocks.    7T0  * 
771  * 
onal  Board  Building  Code,  brick 

885  *,  889, 

p 

floor  archtts,  325. 

KiimiEefl,  SI 5,  eto. 
limitation  of  area«,  308« 

Pabtil  Building.  N.  Y..  284. 

Pacific    Mutual    Life    Building.  Los 

Bhutters,  427. 

Angeles,  441. 

spandrel  walls,  6,^2. 

Pacific  Htatea  Tel.  ^  TeL  Bldg.,  San 

window  protection,  421. 

Fmndsno.   353.   368*.   424,   439*. 

440*.  4B1,  466. 

of,  5{X 

Package  chute*.  547. 

obje^ct^  and  purposes,  50. 

Painting,  of  iron  and  steo!,  277,  "278, 

stajidard      spiK*]  float  ion.Sr 

281, 

52,  54. 

Paititft,  fire-retarding,  938. 

Doal  Fire  Protection  Aflaociatifjn, 

Park  How  Building,  322,  347,  502  *, 

Ih^Qin  and  membership,  52, 

[>nnl       MuiJeuni,       Washington, 

Parker  Building  fire,  183,  349.  351*, 

853. 

r..  328. 

Partitions,  conclusiutka,  410. 

tiunal"      tttandard     yard      hose 

concrete,  4D7. 

uses.  981*   983*. 

concrcto-block,  408. 

tionar'  therrooatatfl,  913. 

Conro^v  Bros..  397. 

Jersey  factory  laws,  534. 

encloaing-^stair-wel];,    502*, 

rman"      portable     watrh-clock, 

503  *.  505,  507  * 

B*   949  ♦- 

fire-reaisting  trim  for,  411, 

.  BIdiE.  Dept,  tests,  121. 
^_           -See  also  TcNts. 

412*. 

functiona  of,  3SL 

^^L          concrete,  243. 

E\'"psinite     studding     for, 

^^^         eonnrote  floors,  613. 

409. 

^»           kilna,  122* 

gypsum,  394. 

hollow     metal     lath     and 

''New    York"    hollow 

iiUi  arfibe«.  5flO. 

jtluster,  38U  *   390  *. 

partitions,     3fi7,     405, 

in  BaJtimore  fire,  3S4. 

40 fi,  408. 

in  Granite    BoildinK  firo, 

present.      requIrerajRoCs 

385*. 

for,  123. 

in  San  Francisco  fire,  386. 

terraHiotta  araho.*?,  5S9, 

interlocked,  .196. 

.■i92. 

*'kevstnne"  plaster  blocks. 

York  Hippodrome.  723. 

395.  397. 

York    life   Building,    ChinaKo, 

load-bearing,  388. 

»*. 

metal-bratTed,  405. 

V   York"   rein  forced    torra-cotta 

"  PhcBtiix"  braced,  406, 

^hes.  569,  560*,  SOI*. 

plaster  board,  408. 

freezing  solutions  for  fire  paila, 

pla*ter-blfjck.  393.  396. 

s..  927. 

plaster  of  Pta^ris  and  cinder 

bloek,  3»6. 

O 

"Prong-lock"    Btuds   for, 

390  *.                                        ^ 

?  buildings,  208. 

B,  of  Bioel  work,  278. 

^'Pirrobar"  block.  394.               ^M 

requir»menta  of,  382.                ^^M 

etc.,    »ii<>ntaneouA    combuBtion    , 

shea  things  for,  408.                    ^^V 

838. 

solid      metal     lath      and               1 

.  ^tprinklers,  cornice,  885  *. 

pla9ter,3ft0,  391*  a92*,               J 
393.                                           J 

eave,  S86  * 

installation  of.   884. 

sound-proof,  414.                        ^^M 

location  of.  886. 

stair  well,  etc.,  409,  541.          ^H 
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PartltloiiB,  itMl  baekfl  for.  400. 

terrarcoita,     lailurM   of, 

885*  408. 

.    heists      and 

lengths,  890. 

■eitiiigol,  400. 

■iiMwblodcs, 

808*  890. 

of,  401. 

bte       of. 


weLdita 
800. 


te0toof.884,887,8O8.3O6, 

807.  401,  40ft. 
thiekneM  of.  808. 
trimfor,  411.  412*. 
types  of,  884. 
wire  gUun,  400.     ^ 
Party  walls,  060. 
Patent  plasters.  284. 
Patereon,  N.  J.,  eonflacration,  150, 

658. 
Pemberton  Buiklinc.  Boston.  586  *. 
Pennssrlvania  Railroad  Station,  N.  Y., 

446*. 
Pent  houses,  on  roofs,  675. 
Perforated  ,pipe  systems,   «m  Base- 
ment EhHmluers. 
Perkins  Institution  for  the  Blind. 

stairs  in,  514  *. 
Permeability  of  fireproofing  materials, 

283. 
Philadelphia  tower  fire  escapes.  520  *. 

580*.  707. 
"Phcenix"  braced  partitions,  406. 
Pier  sheds,  306. 
Phelps   Publishing   Co.'s  Bldg.  fire, 

903. 
Pipe-  and  vent-shafts,  545. 
Pipe  spaces  in  column   protections, 

373,  375  *,  376  *. 
Piping,  moisture  from,  291. 
Pittsburgh  Athletic  Assn.  Bldg.,  658*. 
Planning,  see  Design. 
Plaster,  board,  257,  408. 

blocks,   257,   258,   393,    396. 

630. 
constructions,  fire-resistance 
of.  256. 
in   San   Fran- 
cisco   fire, 
256. 
of  Paris,  257. 
of  Paris  column  protections, 

350,  360. 
of  Paris,  conductivity  of,  355. 
of  Paris  partitions,  393,  396. 
Plate-iron  doors,  471,  491  *. 

shutters,  430,  432  *. 
"•'Poland  Spring  House,"  905. 
Porosity    of    fireproofing    materials, 

283. 
Portable    watch-clocks,    see    Watch- 
clocks. 
Powder,  storage  and  care  of,  843. 
Powder  (dry)  fire  extinguishers,  936. 
Pressed  brick,  223. 
Prinz    Regenten    Theatre,    Mimich, 
Bavaria,  726  ♦. 


Pzten  olMSt   flre^wisUiios  of,  Hi; 

4oa 

wiadowB,  450. 
Prfrate  &B  dflfMrtments,  074. 
Fkoduee  Esahuias,  N.  Y..  510*. 
"Pro&rlook  "  Mrtition  studs,  390* 
Pnsoenium  waUi,  ••»  Theatras. 
Proteettre    iwtings    for   steehnsi 

281. 
ProteetiTe  qualities  of  cement,  S7i 
Prudential    Life    Ins.    Co.'s   Bld^ 

Newark,  400. 
*'Pyxobar  '*  p«rtitk»  bloeks.  804. 


Quiok  emptylas  testa  in  tbeatrasi  701 

R 

Raised    shewbaeks     for    terra-eotti 

arofaes,  500  *,  570  «,  580  *.  587  *. 
Reoonstniotkm.  after  firs.  205.  tU. 
880,  621^  OSS. 

,  S85. 
787*. 
I,  601. 
columns,     371, 

872*. 
deirigu  of.  Mi 
factories.     8M, 

804. 
floors,        101, 
e0«*.    607* 
608*.    612  •, 
613. 
garages,  825. 
residences,  77& 
schools,  752. 
terra-ootta  columns,  379  * 
Residences,  basement  ceilings,  765. 
brick  and  stone,  779. 
brick  and  hollow  tile,  779, 

780*. 
causes  of  fires  in,  758. 
chimneys    and    flues  in, 

759,  760  *   761  * 
closets,  765. 
concrete.  776,  778. 
concrete     block,      777  *. 

778  * 
costs  of,  787,  789. 
electric  wiring  in,  763. 
fire-eztingvishing    appli- 
ances for,  785. 
fire  hasards  in,  757. 
fire-resisting,  766. 
fire-stopping,  763,  764*. 

765*. 
heating     apparatus    is. 

763. 
hollow   tile.    769,    770*. 
771*.      772*.      773*. 
774*       776*.    •776*. 
780*. 
interior  finish  for,  784. 
metal  casement  sash  for, 

785,  786  *,  787  * 
metal  lath  and  plaster, 
767. 


\ 
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Widstwes.  mct&l  lumber,  lU.  760  *. 

Rojfa,  pent  houses  for,  675.                            W 

*' ribbed  concrete,"  7lSl  *, 

pitched,  e,m,  6»4.                                    J 

rm^fa  for,  7ft«.  775. 

protection  for  I  heat  re,  738.                   ■ 

ahafte  in,  7m. 

residence,  7tt6,  775,  776  *.                      M 

Ptaire  in,  7»5, 

rpquirementA  for  fire-resist inu,             ■ 

etone.  781  *. 

663.                                                         1 

stucco,  787. 

*' saw-tooth."    fii,    1*3*.    95*,              ■ 

waIJ   finiflliefl   for,    7S2  *, 

97*.                                                   .     1 

783* 

scuttles  for,  676.                               ^^M 

wood  and  hollow  tile.  767, 

semi-{i re-resisting,  673«                ^^^H 

IJbbed    concrete "    whII    construc- 

fikylights  on,  676.                          ^^^1 

tion,  781* 

slate  shingles,  684  <'.                     ^^H 

Ik'hardMon  "  kalamine  doore,  482  ♦. 

ni&U  iilH.  682,                                        V 

ng  Theatre  (Vienna)  Hre,  698. 

sui»pended      m^ilingii       under,             1 

eM?  und  tread  of  sijiirs,  51 1.  52(1,  717. 

6U*,     686,     687*      688*.            ■ 

idef  i^bolem  SjTuijjoffuc,  338. 
dliug  atet'l   d*JoM,      .\bii«uH."  4  SO, 

689  *.                                                     ■ 

tik  for,  6g5.                                            ■ 

402* 

trusses  for.  6a«,  671  ♦.                   ^J 

double  a,uton]UTic, 

vitriBiHl  tile  for,  682.                   ^^H 

4&1.492*493*. 

wooden,  686.                                   ^^^H 

t«st«  of.  480,  492. 

Rookery  Buildinir,  Chicago,  460.            ^^^H 

types  of,  476. 

Roo^velt  Building  bre,  1^2,  £22,           ^^M 

"  Wilaon  ArranjiEe- 

Rubber  stair  trt^adi^,  A24.                            ^^H 

ment   No.    1/' 

Ryeraon  Biiildinx«  Cbicago,  350.              ^^^| 

478  *,  479  • 

M 

shutters,  *'AbaPiiB  No. 

s                              1 

^^                            4,"  436,  437*. 

fl 

^K 

Sackett  ptaster  board,  257.  408,  415.            ■ 

^^^1                     automat  ie,      436, 

Safe  Deposit  and  Trust  Co.'a  Bldg.*             ■ 

^H                         437  *,  438  * 

Baltimore,  435.                                                 M 

^^^1                     Id  8au  Franoiscci 

Sale  loada  for  architectural  tL^rra-oot-            H 

^^^1                          con^agration. 

tu,  838.                                    ■ 

^H 

combination          terra-             ■ 

^H                   lesteof,  454. 

cotta    and    coDcrete 

^^H                     lypnn    of,    435, 

floora,  628,  629. 

combination          terra- 

Ibf i^veriiigtt,  0O4,  680.   '  .S«e  aUo 

cotta  arches,  588. 

Rcjof^, 

end-Qonatructioii  terra- 

framing, proieoiioD  of,  6fi9. 

cotta  arches,  586. 

noKKlea,  9flB,  &67  * 

• '  Jobnson ' '    loug-spati 

spaces,  6459, 

T.  C.  floors,  564, 

surfaces,  670. 

**Xatco"    hollow    tQe 

truaaea,  669.  871  *. 

blocka,  77L 

K>finie  and  <^eilin«  blocks,  677,  678  », 

fiegm<mtii2     terra-ootta 

679  ♦ 

arrhest  574, 

x>aiiK,  tUe,  6S5. 

Ridi?  conut ruction  T.  C, 

arehc'H,  555,  556. 

Rsbestoa  felt^  6Sa. 

terrii-t'otta  walls,  641, 

usbesto43  roofing  abindles  for, 

Safes,  fire-reaiataneE3  of,  827, 

686. 

in  BulliiiiQrp  fire,  828. 

brick.  081. 

in  San  Francisco  fire,  828. 

ceLlinj;  blockft  for,   677.  678  ♦. 

Parker  Building  fire,  335. 

673. 

portable.  827. 

cl&asiifi cation  of,  6Q4. 

provisionij  for,  334, 

combined  with  ci.^i];lng^s,  6fl5. 

weight  of,  334. 

compojHition,  683^ 

Safety  fire  bucket  tank,  926  ♦. 

con  ("rote,  66fl  *,  668  *. 

Safety  treads  for  8tair»,  523,  717, 

Goverinita  for,  68D. 

'•Saino"  fire  doors.  476,  477*    » 

citamplea  of,  686  *,  668  ♦,  671*. 

ahuttere,  433*   434*. 

672  *  673  *. 

Salt.  927. 

flat,  665.  681. 

Sand  and  dutijrront^i,  823.  924,  932. 

"  Ferroinclave,"  269*,  685. 

Sandtrtone  under  fire  teat,  218, 

fire-^iurtftin*  for,  674. 

San  Francisco  City  Hull,  636. 

fiire-msiftiiiiK,  665. 

San  Franeiiiou  conflagration,      buUd- 

hallow    tilii    blcK'krt    for,    877. 

in*ts  burned,  180. 

678  *,  679  * 

cau^H  of  building  fail- 

impnrtunc"*^  iif,  6'lll3. 

urt^a,  319. 

mansard.  672  *. 

(Njlutiin      failures      in« 

mill  const  rue  I  jtm,  82*.  84*,  8«*. 

318, 'Mft,4^'l, 
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San  FrB&eino  aonilMntiaii,  0 
£7346,400. 
dediustkna,  181. 
dmonptkm  of,  178. 
imi»hnxk  in,  234. 
fin  proteotlon,  179. 
pwratknui  in,  886,  506. 
nfes  in,  828. 
stael  fraiDM  in,  213. 
wpgnded  oeiUngB  in, 

844,887. 
tem-ootta     in,     288, 

an. 

vwilts  in,  881. 
▼ortSeal    openings    in, 

640. 
vail   ooutraetion   in, 

834,686. 
window  ptoteetion  in, 
4SS,4S0,481*.432<^. 
•43§*,   440*,   468  *, 
469*  468. 
wire  i^aw  windows  in, 
466,468*. 
"Saw-tooth"   roofs,    92,   93*.    96* 

97* 
SohUler  Theatre  Building,  Chicago, 

fire  in,  640. 
Sohoob,  297,  740. 

assembly  halls,  76a 
ooDdnsiona,  766. 
oonravte,  762. 
oonstniotion}  752. 
oorridors,  exits,  etc.,  749. 
cost  of,  754. 
exit  doors,  749. 
fire  alarm  system,  752  *. 
fire  drills,  753. 
fire  escapes,  751. 
fire  hazard  in,  740. 
fire-resisting,  742. 
"first  aid"  appliances,  753. 
height  of,  743. 
location  of,  742. 
masonry  and  wood  joist,  741. 
planning  of,  743. 
stairs  in,  744,  747,  748  *. 
types  of,   741,   743*,   744*, 
745*.  746*.  749*.  760*, 
751*. 
wooden,  741. 
Scuppers,  337  *. 
Scuttles,  on  roofs,  076. 
Seats,  theatre,  714. 
Segmental  terra-cotta  arches,       cen- 
tering for,  579. 
* '  Haverstraw ' '     hollow 

brick.  570  *. 
safe  loads  for,  574. 
side  construction,  571  *. 
short-span,  572  *. 
with  suspended  ceilings, 
572*. 
Selection  of  concrete  floor,  620. 
§oor  type,  345. 
l^ollow  tile  floor  type,  596. 
Window  protection,  464. 
Self-supporting  »«.  veneer  walls,  634. 
Shafting  in  factories,  7^4»lft&*. 


•45.  848*,  761. 


BbaH 
ShMtl 
8h60i-iniii  doan,  471,  400,  491  *. 

■hutten,  iSa  482  *. 

Sheefe-mstal  doom,  488  ^  484  *,  48S*. 

triiii,418*.  498*. 

windowB,  442  * 

Shalvlnf.  mfltal  887. 

ShrevvBuildins,  San  Frandsoo,  353. 

Shuttsan,  oomioated-iron,  433  *,  4M. 

in  Baltiniore  eonflagntion, 

483. 
in  SaaFnuieiMo  eonflagn' 
tkm.434,  481*;432<; 
'*    foidms,  484. 

Mr.  486,  487*,  438 «. 
ites  for  fire-teostiDi; 


Spi 


fire,  433*  434 «. 
■be0t4ron,  480,482*. 
flteri-roUins,      436,     436  •. 
487*r4T8*,  439*,440* 
tin-oovered,  427,  481  *. 
iypm  of  fire-resiating,  421 
nnderwriteri',  426. 
«■.  wire  glsMa  windows,  4ML 
Side-ooiurtnietikm  terT»-ootta  archer 

M8  Terrarootta  Ardrea. 
Siftgel  Store,  Boston,  801  * 
SOS  for  fire  doors,  494/  496  *  4M^ 
**SimpIez  *'     watchman's     reeoidei. 

96(K961*. 
Singer  Buildmg,  N.  Y.,  485,  866,  m 

Skylights,  on  roofs,  676. 

over  stage,  see  Theatres. 
Slate  and  marble  treads  and  plat- 
forms, 521. 
Slate  roofs.  682,  684  *. 
Sodium  chloride,  927. 
Solid  V8,  hollow  colunan  casings,  357. 
Sorelite.  «ee  Sorel  Store. 
Sorellith,  see  Sorel  Stone. 
Sorel  stone,  tests  of,  250. 
use  of,  258. 
Sound-proof  partitions,  414. 
Spandrels,  650. 

concrete,  656. 

examples  of,  662  *.  653  *, 

654  *  666  *. 
fire-resistance  of,  651. 
requirements  for,  651. 
•'Special  Building  Signals,"  955. 
Special  hasards,  30.  208,  838,  932. 
Speculative  building,  320. 
Spontaneous  combustion,  838. 
Sprinkler     alarm     and     supervisoiy 

system,  909,  019.  4; 

Sprinklera,  air-pressure  tanks  for,  87i 
alarm  valves  for,  877. 
879  *,  880  *,  881  *  920. 
allowances  for,  006. 
applicability  of,  866. 
automatic  dry-pipe,  881. 
wet-pipe,  863. 
basement,    891,    .tee   also 

Basement  Sprinkler*, 
check-    and    gate-valves, 
for,  877,  920. 
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irmklere.  comlcp,  885  ♦► 

(*orro»irin  of  headd,  9&2. 
dry-pipe  ni»  wet-pipe,  8S2. 

son. 

early  appUcatioa  of,  864. 
eave.  885  * 
efficiency  of,  895. 
«xjittiple  of  rebate  valub 
of,  62. 
I  feed  maina.  87»,  874  *. 

I  firt?  pumpst  876. 

fusible  eolder  for,  S66. 
Bravity  taokR  for*  STS. 
heads.  871  *.  872  ». 
In  factories,  807,  811. 
iaspfctioTt    and     omiutc- 

nadCG  of,  9S6,  996. 
in  theatres,  7^V8. 
limitattona  of^  &04. 
locatmn  of  hc^ada,  8ft 9. 
maintenance  of,  98 B,  906. 
opon.     425,     8M,     885* 
887*,  889,    891  *,     See 
also  Open  iSprinklers. 
pi  pi*  siwj',  873. 
princi [>!*?»  of,  863. 
requisites  for  protection » 

867. 
ridgB-polc,  88S  ♦. 
riBora,  874. 

BtatisticH  regardiiiR,  897. 
gteamer    cnnDectiona    to, 

877. 
mipervisory    service    for, 

909.  919,  920. 
typei  of,  883. 
use  of,  886,  904, 

in  car  bams,  905. 
in  hptcla,  904. 
watiLT  supply  for,  875,  920, 
window,  88 S  • 
Fraocls  Hotel,  San  Frant^iftro,  353^ 
3fiB. 

Mte,  fee  Theatrt** 
UT»,  300,  302,  501,  717,  744. 

adjacent     to     elevator     well, 

503*,  541. 
tapaeiiy  of,  509, 
circular,  around  elevator,  502*» 
concrete,  526,  527  *♦  628*, 
deaiien  of,  501. 
double,  718*.  748  ♦. 
encloHinK  partitions  for,    506, 

507*. 
emergenoy  aeceaa,  303* 
emflrgent-y  egress,  301. 
fire-escape,  $ee  Fire  EacapcA. 
garage,  82  K 
Guastavino,  625,  526*. 
intRnnediato  pJatform«,  6t2. 
isolation  of,    504,    747,    748* 

74  S  *. 
location  of,  .501,  500* 
marble  ajid  Mlate  Ireads,  521. 
metal  and  glu^sH  enclosureB  for, 

hm  ♦.  hm,  507  *. 

newH  ipiiyUH  for,  519. 
ordinary  service,  301, 


Stairs,  piartia]    Miclrksurea    for,     506, 
607  ** 
railinei!  for,  324. 
reJiidetice,  785. 
riae  and  tread,  511,  520, 
aafely  of,  510,  521, 
safety  trnmifi  for.  523,  717. 
mhtnA,  744,  747,  748  *. 
soffits  of,  518. 
strength  of,  512. 
eub-treada  for,  532. 
Hopportrt  for,  508. 
^rra-ootta,  525  *, 
theatre,  717,  718*. 
tresbds  and  landings,  52  L 
typos    of,    613,    514*     515  •* 
516*,    517*     518*     619*. 
718*. 
winders,  511. 
Stancipipea,  automatic     valvea     for, 
984. 
Boston    practice   regard- 
ing, 969. 
capacity  of*  U60. 
chock-valves  for,  962. 
eiMienlials     for     efficient 

service,  959*, 
hose  for,  066. 
hose     rnekA     for,     5JH3  *, 

964* 
in     Equitable     Building 

fire,  973* 
in  fflploricH,  807* 
in  Hinger  Uullding,  N.  Y^ 

970,  971  ** 
inapec!tion    and    malnte- 

naot:e  of,  998. 
location  of,  959* 
New    York    regulatkmii 

regarding,  967*  968, 
roof  DOX!6^l^'^,  9(56,  967  *. 
water  supply,  fr8L 
Stationary  watch-docks,  9ee  Watch- 

Steam  p^pea,  763,  840,  841*    842*. 
Steel,  buc^ks  for  partitions,  409* 
rleanitig  of,  278. 
uolumna,  tests  of,  212. 
condition    of*    in    lorn    down 

buildiuKS,  273,  284, 
corrosion  of,  273. 
doors,  «cr  Doors., 
expansion  of,  2 1 1  * 
factories,  799. 

necessity  for  protection  of,  2t  1. 
oiling  of,  27B. 
painting  of,  277,  278. 
protMcti%''o  coatings  for,  381. 
reinforcement    for    concrete 

arcl>c*f«.  603,  604. 
shelving,  837. 

tonnage  of  structural,  in  U.  S.. 

271. 

Steel  frames,  in    Baltiiuort'   atid   San 

Francii^co  buildiugEr,  212* 

prntpctive  criatings  for* 

281. 
protee'dve    qnalitlcH   of 
cement  oti<t  28Q. 
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Sted-woren  oak  flooring,  S41. 
Stooefl.     «ee     Qranite,     Lbnestone, 

Mmble,  Bandstone. 
Stoves,  768. 

Stueoofiiiidi,782*,  783*. 
ganpes,  8S6. 
roridwiooi,  767. 
Stuyirennt  Hi|^  School.  N.  Y..  746, 

748*. 
Sub-division  of  luge  areas,  305,  383. 
Suqpended  oeflings,  effidenoy  of,  343, 
687. 
in  San  Francisco 
bufldings,  344, 
687. 
metal    lath    for, 

691  *,  692  * 
roof  spaces  over, 

669. 
specifications  for, 

688. 
types   of,    572* 
611  *        612  ♦, 
668  *.  686. 

687*        688*. 
689*. 
wire     clips     for, 
844*. 
T 
Temperatures,  exhibited  in  fires  and 

conflagrations,  193. 
Terrsrootta  and  concrete  floors,  see 

Combination  Floors. 
Terra-ootta  arches,  advantages  and 
disadvantages 
of,  599. 
beam  and  girder 

Srotections,  aee 
leam  Protec- 
tions, «ee  Gir- 
der P  r  o  t  e  c- 
tions. 

behavior  of  in 
actual  fires, 
593. 

camber  of,  577. 

ceiling  finish,  575. 

combination  con- 
struction, 565, 
566  *,  568  *. 

construction  of, 
561,  597. 

depth  pf,  668,597. 

end-construc- 
tion, 657.  558*, 
569  *,  560  *. 

floor  finish,  575. 

inspection  of  ,579. 

insulated,  336. 

"Johnson  long- 
span,  562*, 
563*. 

load  tests  and 
factor  of 
safety,  595. 

method  of  set- 
ting, 576,  577*. 

raised  skewbacks 
iot,5«9*,570*. 


Terrarootta  arehes,  safe  kMu 
555,  56 
567.  57^ 
lental 


C.  Axoii 
■election  < 

596. 

side-coni 

tion,55 

553*. 

strength  < 

98.    en 

stnictic 

tie-rods  f( 

675. 
tests  of,  M 
M.        e 
arches, 
waterpr 
of,  335. 
weather  a 
protecti 
Terrarcotta,    architectural,    e 
657. 
durabilitsr  of, 
fire-4;esisting 

ties,  227. 
improvement! 
in  uae  of,  23 
in  Baltimore  fi 

228. 
in  San  Franci 

227,  228. 
manufacture  < 

637. 
setting  of,  638 
spandrels,  650 
strength  of,  6 
wall  const 

638,  639  *, 
beam    protectioi 
581  *,     582  * 
584*. 
ceiling  tile,  677, 
column  protectio 
360,  361*  362' 
364*,      365*. 
372*. 
conclusions,  239. 
conductivity  of, 
cornices,  657,  658 
fire-resisting  qua] 

235. 
floors,     see     Ten 

Arches, 
furring  blocks,  64 
girder  protectior 
684  *,      585  * 
587*. 
hard-burned, 

teristics  of,  2 

manufacture  o: 

««.  porous,  237 

in  Baltimore  fire, 

in    San    Francia 

238. 
partitions,    failu 
38C 


f 
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i~cotta   partiiiona^  heigh ta    and 
let  ng  t  ha» 


'^m. 


of. 


r^_  BettinK 

^B  sii  z  ea         of 

H  398*399. 

W^  teeta  of.  401. 

weights      of, 
390. 
permeability,       pornsity 
and    rhfrnirAl    action 
of.  283. 
p  o  r  o  u  »,  f hara<?teriBi.ica 
Dfp  234,  ^37. 
method  of  man- 
ufacture, 22B. 
vs.    bard-burned 
237. 
reaidcincjca^    aee    R  o  s  i  - 
|i  dencew. 

roofing  tiJp,  082. 
Bemi-porou-H,     manufac- 
ture of,  233. 
Btaira,  535  *. 
at  rue  turnip      for      walls, 

1638,  639*,  940*. 
trim.  412*. 
varipties  of,  229, 
vaulU,  829  *. 
M.  concrete,  235,  252. 
wall  furrinj?.  648*. 
walls,   638,  fi39  *,  640  *, 
azao  floors,  341. 

-kilns.   N,  Y.   Building  Deparl- 
intL  122  *. 

f^  A»ociated     Factory     Mutual 
Laboratories,  12L 
blast-fumaee    slag    coDcretes, 
619. 

P*  Com,*    "armo- 
Crete"  floors,  817, 
«18* 
"Coignet"    system 

floon*.  617. 
combination    floor, 

031. 
"composite''  doors, 

474. 
eoncTctc,  243. 

floors,  614. 
doors,  "armoured," 
470. 
aabcjHt^fKclad, 

473. 
plat  p-i  r  o  n^ 

471,  473. 
eteel    roJILnKi 

480,  492. 

tia-clad,  470, 

471, 

fire     pails,     ojctin- 

gulsher»,  etc.,&33. 

fire- retarding       BO- 

lutiona,  ft  40. 
objeci  of,  U4. 
partitioiu,  33^,  102, 


citiah 


Teata,  Britiih  F.  P.  Com,,  pr.troleum 
prtKlt|[it,i,  934, 
alaiidards    of    fire- 

reaitftancc,  115. 
terra-cotta    arches, 

59L 
tin-clad  doors,  470» 

471. 
windows.  451,  453. 
wire  glass.  451,  433. 
Oftet-iron  coliireina,  215. 
oombination    terra-cotta    and 

concrete  floors,  631,  632, 
^"Columbia "'  Fin*  Testing  Sta- 
tion, 124.  502.  613. 
fire  and  watRr,  riaBKififid,  128, 

209. 
German,  125. 
Guastavino  floor  construction, 

592. 
manii  faetun3r.H ' ,  113. 
metal  furmturc,  S3 6. 
"Monarch"'     tile     block    col- 

umiia,  378*. 
raotar-blockfl,  254, 
N.  Y.    Building    Department, 
ISI. 
concrete,    243, 
floDr-H,    613. 
flixjrd,  56t),  5S9, 

592,  613. 
kilns.  122  *. 
partitions,  387, 
405.  406,  408 
present     re- 
quireme  n  ta 
for,  123. 
terra-oQ tt» 
arches,    589, 
592, 
partitions,  384,  367,  393,  396, 

397,  401,  405. 
reinforced    concrete    CQlumn.<3, 

37!. 
reinforced  terraHJotta  columns, 

379*. 
steel  aolimmn,  212. 
terra-cot  ta    archcja,    588,    589, 

592. 
Undcrwrilerft'       Laborat-orics, 

Inc.,  119,  408,  409. 
U.  8.  LabtjraCories.  St.  Louis, 
117. 
Te*i(ing  Stations,  principal,  in  U.  H., 

113. 
Theatres,  697. 

aisles  in,  714. 

Auatrlan    experimenta, 

721. 
automatic     sprinklers     in, 

736. 
BrookljTi,  fire  in,  598. 
construction  of,  738, 
coftts  of,  739. 
courts,  716. 
entrHQce  and  eidt  doors  m» 

716. 
otjuipnicnt  for,  736. 
eacalatora  in,  718* 
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Tbttilra.  exits  in.  701,  706. 

lira   eurtaLas.    721.    715*, 
726*  727*,  728*.  719*. 
itn  cbilk  in,  788. 1014. 
Skn  aiMiMi,  710  *. 
"llrrtilaiP  in.  787. 
fogmn  in.  71o« 
ineUnoi  and  numM,  718. 
IroqiMiiii,  IN,  156*. 
iaolrtion  of  dangerous  risks 

in,  701. 
U|dbting  of,  718. 
loRiies,716. 
kxMitlon  and  site  of ,  700. 
kMiofliffrSn.608. 
model    deaifli    of,    708«. 
700 ♦.  710V711*.  712* 
718*. 
passacBS  in,  716. 
pbuuJng  of.  699.  701. 708  *. 
709  ♦.710  ♦,711  ♦.712*. 
718  ♦. 
proseenium  wall,  720.  736. 
proteetion    agamst    liglit- 

ning,846. 
guide  emptying  of,  704. 
reqnisitee  for  safety  in,  699. 
Ring.  Vienna,  698. 
lYNHIHroteotion,  738. 
- 1  in,  714. 
,  720,  736,  787. 
_  __jin,717.  718^ 
standpipes  in,  737. 
statistics  of  fires  in,  697. 
tiers,  703. 

vents  over  stage  in,   731, 
732  *,  733  *. 
Tliennostats,  "aero,"  915. 

allowances  for,  918. 
details  of,    913,    914*, 

915*.  917*. 
in  Baltimore  conflagra- 
tion, 917. 
installation  of,  911. 
journal-bearing,       916, 

917* 
location  of,  912. 
operation  of,  912. 
requisites  for,  912. 
types  of,  911.912,914*, 

915*  917*. 
••United  States,"  915*. 
vapor,  916. 

•'Watkins"    expansion 
spring,  914  *. 
Thickness  of  walls,  642. 
Tie-rods,  333,  575. 

protected.  575  *. 
Tin-covered  doors,    467,    468  *     470, 
489,  490  *. 
shutters,  427,  431*. 
Trap  doors,  489. 

Treads  and  landings  on  stairs,  521. 
Trim,  for  doors,  497  *. 

partitions,  etc.,  411,  412*, 
413*  498*. 
Tumgemeinde  Club  House,   Phila., 
630. 


Labontofiei 

Imilding   of, 

568  ♦. 


Assay 
628' 


Underwriters* 


organisation  o( 
roofing    speoii 
681. 
Underwriters*  Natimial  Eleob 

52. 

Unk>n  Trust  Co.*s  Buildini 

moie  Fire,  169.  851  ♦,  681 ' 

United  States  Appraisers*  Stc 

poaed.  Boste 

611  * 

Appraisers' 

house.  N^  1 

368  ♦,  438,  6 

my  ^Oflloe. 

528:^600*. 

Court  House  ai 

Los    Angela 

827  ♦.666* 

006 ♦.    666* 

678*. 

Geological  Sun 

of  otMiorete, 

mortar-bl 

254. 
partitiona 
Laboratories 
Louis,  117. 
Mint,    San   Fi 

424,  435. 
Post    Office.    < 

365*. 
P.     O.     and 
House,  Ri( 
Va 
6i: 

San 

cis 

661 

Spo 

W 

•      36! 

61 

Printing  Office 

ington,   D.  < 

326  *  369  * 

Public  Buildin 

Public     Stores 

after  Baltim< 

217*. 

Thermostats,  9 


Valves,  automatic.  964. 

check-  and  gate-,  877 
inspection  and  main 
of.  988. 

Vanderbilt  Building  fire,  142, 

Vapor  thermostats,  916. 

Vault  doors,  832,  833. 

Vaults,  doors  for,  832,  833. 

in  Baltimore  fire.  830 
in  Equitable  Building  i 


mDEx 


Oltfl,  in  San  Franoia^  &re,  831, 

proper  const rtiptioa  of,  832. 
usual  ineffiriont  oonatmction 
of,  ii29  *. 
Cieer  walls.  284,  fla3,  fi34,  fl43. 
Ills  over  stage,  aee  Theatreji. 
rtieal  openings,  design  of,  312. 

e|{!vatar       encloB- 
ures,  499,  540. 
Ir  in  reflidences,  766. 

I  rating  for,  in  typi- 

cal build LntCt  67. 
alair  wells,  504. 
pigtraann''  fuaihle  linka,  48if*,  489*. 

W 

kKRoner   '"^Banatury*'    fire   bttftket, 

Udorf- Astoria  Hotel,  347. 
ill,  lolumnf*.  flm  681*  602*. 
Bnposureii,  420, 
finishes,  205,  649. 
luullionH,  856. 
pocket  for  doons^  490  *. 
spandrels,     650,    662*,    653* 
654  *,  655  *. 
ma,  anchorage  of,  644, 
bearing.  633,  843. 
bricfk,  637. 
coiubinatioD  tile  and  concrete, 

642. 
connrete,  641,  656, 
concretc-bl.fH*ki  842. 
court,  655. 
curtain ,  633,  856. 
finish  of,  30.5,  649. 
fire,  643,  660. 
fire-rcaistaufie  of,  634,  643, 
ianifm  of,  647.  648  *,  6S9. 
hollow  c-oncrete,  64  2» 
improper  enclosing.  507. 
iron  work  in,  507^  835. 
load-Kupportin^,  633. 
mBteinah  naed  m^  63  5. 
inullioaA  in,  656. 
"Natoo"    hollow    tile    blocks, 

771* 
o(j«ning^  in,  045. 
ornaniental  terra>cotta  in,  837. 
partv,  660. 

resideuce,  »ee  Rt^'wdencea. 
self-aupportioK.  633,  834,  843. 
solid    i5n closure,    for    elevator 

wells,  54 L 
spandrel,    660,    052  *,    653*, 

664  *   655  *. 
itone,  160  *  636. 
iernircotta,  638.  fi3»*,  640*, 

641, 
ierraniiotta  oomices  for,   €57, 

668  *,  669  *. 
thjckneiia  of,  642,  663,  658. 
types  of.  633. 
venwr.  633,  634.  643. 
mamaker  Bldg.,  Phila,,  658* 
^atnaker     store,     N.    Y,,    668  *, 
Mi7*. 


War  Collejfe  BuHdinir,  Washington, 
D,  a,  eso.  «31*. 

Warehouses,  design  of,  298. 

null     couHtruatioDf     aee 

Mill  C^nat-riiction. 
8u  hull  vial  on     of     largei 
area^,  306, 
Wafltc  of  etnietural  mftterials,  21, 
Waste-paper  chute-».  546  ♦. 
Watoh-clocks.  allowaooea  for.  967. 

central  Nation,  super- 

viaion  of,  ftSJ. 
dial  records  of,  949  *, 

951* 
key    boxea    for,     ^48, 

949* 
koj's  for,  949. 
magneto,  950  *. 
**  Newman  "    portable, 

948*. 
jwrtable,  947.  94S  *. 
rt?<>orderH  for,  952  *, 
"Simplex"        sLHtioU' 

arj',  930  * 
stations  for,  948,  949  *. 
stationary,  930  *. 
Watchmen,  944, 

allowances  for,  957. 
central      station     super- 
vision of,  953. 
efficiency  of,  909,  944. 
requirements  for,  345. 
service,  946. 
Buperv^tsion  of,  J) 4 7. 
Water  casks,  626,  927. 

freezing  of,  in  sprinkler  pIpeA, 

990. 
pails.  922,  926,  *,  933. 
prflssiire,  testing  of,  U9L 
supply  for  itandpipes,  961. 
supply  for  sprinklers,  tf  75.  88S, 
898.  987,  991. 
Waterproofing,  floors,  336.  794. 
scuppers,  337  ♦. 
"Watkins"  thermofltatji.  913,  914*. 
Weigh  ta,  book  tile  and  roofing  blocks, 
678.  679. 
ceiling  blocks,  670. 
cement  floors.  330. 
emder  concrete,  330. 
oombination  terra-cottaaad 
concrete  fioora,  828,  829. 
concrete  floor  slabs.  603. 
etid-coastructiou        terra- 

ootta  archer,  358. 
"Excelsior"     to  rra- ootta 

arches,  368, 
hollow  brick.  647. 
live  Iptida  on  floors,  331. 
marble  floors,  330. 
metal  Jath,  692,  693. 
"New     York"     terra-cotta 

arches,  56t. 
piaster  on  tile  arches,  330. 
Bafc*s,  334, 
aide-cons  truction       terra- 

ootta  archies,  554. 
wcxhI  flouring,  330. 
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WeUB-FUio  Boiiainc.  San  Fnmoiieo, 

469*. 
Western  Electrie  Go.'s  BMc.,  Chieago, 

672* 
WMtom  Eleotrio  Oo/s  Building.  San 

Fiandaoo,  424,  466.  466 *7468 *. 
West  St.  Building.  N.  Y..  643  *,  544  *. 
WetHDipe  w.  diy-pipe  sprinklerB,  882, 

Wilaon  itoel  roiUi«  doors,  477,  478  *. 

479*.  401,  iM*. 
Windows,  atttomatioally  oloaing.  449*. 

doubla^slased.  462.  468*. 

drawB-aonae,  447.  448*. 

factory.  792.  798  * 

fin-teats  of,  461.  468. 

hollow  sheet-metal.  442. 

in  Baltimore  conflagration, 
482. 

in  San  Francisco  eonflagrar 

kaU^^444*. 

open  nnnklers  for.   426. 

884,886*.  887*.  891*. 
ptiam  glass,  469. 
proteoBoQ    of,    418,    461, 

464,889. 
iifoteetiott  rods  for,  646. 
rolled  steel,  798  *. 
diutters  «t.  wire  glass.  460. 
tsrpes  of  fire-resisting,  441. 
tsrpes    of    protection    for, 

426. 
wire  glass  in,  450,  460. 
wrought-     and     cast-iron, 

445,  440  *. 


Windims  ft.  shvttan.  460. 
Wire  glass,  elevator  enolo 
549*,  644*. 


1.460.  I 

eoeloaiiM.  Sir. 
•44*. 

Btanen    of,  Mi  . 


468,  466,  642. 


414. 

ldDdaaBdsiaea.288*. 
Buumfaeture  of ,  284. 
pwtitiona,  409. 

600,607*. 
•mngth  of,  268. 
teats  of ,  461,  468.  411; 

469*. 


windowB,  443, 
460l  68r 


460,  4hI 
.'sn«^l 


Wisconsin  Central  Ry.  Co.' 

Homae,  Ohieafo,  04a 
Wood,  firepKKU,  Ate^m^gtimL  qw 

*  method  *al  nm 
laAtan,  28a 
uaaof,  300. 
Wood  floors,  840. 

steel  woven  oak,  841. 
''Woodman"  thaimoatate.  918. 
Wool,   spontaneooa   oomouatioii 

839. 
WodworUi  BuOding,  N.  T.,  868. 


X-tne  end-oanatmoUon  arehea,  659  *> 
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SAFETY  TREADS 

AND 

FIREPROOF  SANITARY  FLOORING 

MASON  SAFETY  TREAD:  consists  of  a  base  of  rolled  steel  or  hard 
f^rass  with  ribs  inclitied  to  each  other  in  pairs,  and  strips  of  lead  rolled  into 

lie  clove- tailed  grooves  which  furnish  a  fire-proof  prevention  from  slippiijg. 


CARBORUNDUM  SAFETY  TREAD:  consists  of  Ma-son  steel  or 
ard  brass  base  with  the  grooves  filled  with  granulated  carhonindufn 
Dund  by  cement. 

MASON   SAFETY    SIDEWALK  AND  VAULT  LIGHTS. 

KARBOLITH  makes  the  best  fire-proof,  magnesite  flooring,  cove  base 
nd  wainscoting  for  all  kinds  of  inside  construction.  Thoroughly  sanitary, 
oiseless,  elastic  and  durable. 

Catalogties  and  estimates  furnished  on  application  to 

American  Mason  Safety  Tread  Co. 


702  Old  South  Building 


Boston,  Mass. 


Branches  at  New  York,   Philadelphia,  Washington,  Chicago,  St.  Louis 
nd  Kansas  City*    Agencies  in  all  the  large  cities. 


The  Building  Material 

that  is 

Unaffected   by  Fire 

Atlantic  Architectural  Terra  Cotta  is  more  than  fire- 
proof- A  spreading  fire  may  pass  over  a  buildings  melting 
a  metal  roof  and  gutting  the  interior;  but  if  the  exterior 
walls  are  of  Atlantic  Architectural  Terra  Cotta,  properly 
protected  on  the  inside  by  fire-proofing,  the  frame  will  be 
uninjured. 

Atlantic  Terra  Cotta  offers  an  exceptional  field  for  arch- 
itectural treatment  in  modeled  ornament  and  color.  Per- 
manently durable,  it  is  the  one  material  that  combines 
structural  efficiency  and  architectural  beauty  with  practical 
economy. 

Atlantic  Terra  Cotta  Company 


The  logical  material  to  take  the  place  of  wood 
lumber  (structural  members)  Metal  Joists  and 
Studs  in  floor  and  partition  construction*  It 
assures  an  absolutely  n on- combust ible  and  in- 
destructible building  at  practically  the  same 
cost  as  wood  lumben 
Addrms  neaTest  branch  for  campleU  catalogue, 

^The  Berger  Mfg.  Co.,  c«nton,  ohio, 

Newr  York  Philadelphia  Hoston  Minneapolis 

San  Francisco       St.  Loufs       Chicago        Mlanta  ^ 


Eastern  Expanded  Metal  Co. 

MANUFAGTORERS  OF 

EXPANDED    METAL 

FIRE     DOORS,    FRAMES     ANQ 
FITTINGS 

REINFORCING   MATERIALS 

CONTRACTORS   FOR 

IRON  FURRING  and  METAL  LATHING 


201   DEVONSHIRE  STREET 


BOSTON 


H  is  now  possible  to  obtain  absolute 

Interior  Fire  protection— the  Kind 

that   Sateguards  lile   and 

Contents 

Tenant,  owner,  builder  and  architect  should 
first  know  what  constitutes  absolute  lire-proof 
protection  rather  than  to  learn  after  a  fire 
has  occurred  that  their  confidence  had  been 
misplaced;  that,  however  perfect  and  fire- 
proof the  exterior  walls,  they  only  form  a 
flue  for  the  destruction  of  the  inflammable 
interior  and  contents  of  the  building. 

''HEN  yo\i  liave  eliminated  all  inflammable  materials 
in    a    building    by    replacing  wood   with  steel  in 
^ven^  part  of  its  interirtr,  tlien,  and  thtm  only  have  you  a 
reproof  building  in  reality. 

i?'ithout  the  slightest  sacrifice    of   attkiic   value^    with    higher 

Srst    cost    more    than    compensated    for    by    reduced    cost    of 

Insurance  and  maintenance*  hundreds  of  representative  build- 

iigs  have  been  firepioofed  in  the  highest  sense  of  ihe  term  by 

DAHLSTROM 

Metallic  D<H>rs  and  Trim 

I  Absolute  ft  rep  roofing  simpJy  means  that  wherever  wood  has 
liieretoforc  been  useil  it  Is  replaced  with  the  Dahlstrom  Siecl 
[Products,  If  the  exterior  wails,  floors  and  pariitions  arc  of 
[fireproof  constrnctton  and  the  last  link  in  the  chain,  the 
] Dahlstrom  Metal  Doors  and  Windows  are  added,'  every  room  is 
(converted  into  a  fireproof  unit — artistic,  sanitary,  immune  from 
flhe  spreading  of  flames  for  all  time. 

Everyone  who  values  human  life  should  draw  the  line  of 
[distinction  between  so-called  **  fireproof"  buildings  and  those 
\jtreptoof  in  fad* 

To  the  interested  descriptive 
bookie ts  are  sent  free 

DAHI-STROM    METALLIC   DOOR   CO. 

Executive  Offices  and  Factories: 
18  Blackfltoae  Avenue,  Jamestown,  H.  Y. 

Branch    OMf^^s    in    All    Principal   CiHes 
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MANUFACTURED  BY 

ESTY  SPRINKLER  GO. 

Laconia,  N.  H. 


GEORGE  A.  FULLER  COMPANl 

putttiing  Congtructicm 

Board  of  Trade  Building     ::     Bosto 


NEW  YORK  CHICAGO  WASHINGTON 

KANSAS  CITY  PHILADELPHIA 

BALTIMORE  CANADA 


RENNEUL 

AUTOMATIC  SPRINKIERS 


have  successfully  handled  more  fires 
than  att  other  Automatic  Sprinklers 
combined.  They  have  been  installed 
in  more  than  100,000  buildings.  They 
furnish  at  once  the  simplest,  the  most 
sensitive,  and  the  most  reliable  and 
complete  fire  protection  to  any  building 
or  Its  contents, 


r|  General  Fire  Extinguisher  Co. 

Executive  Offices  ;:   Providence,  R.  L 


Plants,   Warehouses  and   Offices    in    Principal    Cities    of 
United  States  and    Canada 


I 
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Gamewell  Fire  Alarm  Telegraph  Co. 


Manufacturers  and  Installers  of  approved  Fire  Alarm 
and  other  Emergency  Signaling  Systems 
for  Buildings,  Factories  and  Institu- 
tions of  all  kinds. 

Our  system  is  instailed  in  over  6,00Q  private 
plants  and  Institutions. 

EXECUTIVE   OFFICES: 

30  Vesey  Street,   New  York,    N.   Y. 


NEW  YORK 


BOSTON 


R.  GUASTAVINO  GO. 
Timbrel  Vault  Construction 

Contractors  for  the  erection 
of  all  masonry  floor  spans 
for  heavy  loads.  Big  roof 
domes  and  all  forms  of 
Q)hesive  arches  in  rough  or 
finished  tile. 


Fire 


Steel     Rolling 
Doors     and    Shutters 


Att^oaB  Ifo.  I 

Abacus  No,  l  for  Elevator  Openings 

ABACUS  No,  2  for  Elevator  Openings 

Abacus  No,  4  for  Exterior  Openings 
Abacus  No.  3  for  Fire  Wails 
Ajax  Sliding  Door  for  Fire  Walls 

Inspected  ami  labeied  under  the  sufiervision  of  the  Under- 
writers' Laboratories  Inc, 

See  approved  list  issued  hy  the  National  Board  of  Fire 
Underwriters. 

The  Kinnear  Manuiacturing  Company 

COLUMBUS,  OHIO,  U.  S.  A. 


NATIONAL 

FIRE  PROOFING 

COMPANY 

ORGANIZED  1889 

MANUFACTURERS  OF 

TERRA  GOTTA 
HOLLOW  TILE 

CONTRACTORS    FOR 

FIREPROOF 
CONSTRUCTION 

MAIN   OFFICE: 

Fulton  Building  Pittsburgh,  Pa. 

CHICA&O:    CoMmerclal  Wadonal  Eajik  Building 
CUfCmTfATI;   Uaioii  Tmst  Build  in  1^ 

CAWTOH^:   City  National  Bank  Building 
DETROIT:  Penobscot  Bui  Id  in  r 

MUOfEAPOLIS :   Lumber  Exchange 

LOS  ANGELES:  Ceatral  Building 

COLUMBUS:  Weat  Broad  Street 
IfEW  YORK:    Flatinon  Building 

PHILABBLPmA:   Land  Title  Building 
BOSTON:   John  Hancock  Building 

WASHINGTON:  Colorado  Building 

CLEVELAND:  Chamber  of  CommeitJC  Bttilfling 
TORONTO:    Ontario 

MONTREAL:  Quebec 

26  factories  in  ike  United  States 
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FOR  FIRE  PROTECTION  SPECIFY 

SOLID  WIRE  GLASS  MADE  BY  THE   CONTINUOUS   PROCESS 

Vu  immediate  and  pi;rmain;nt   advantage.      It  possesses  greater  strength  ! 
than  any  other  make,  and  when  properly  i^laiced  stunasaKalnKt  nrc  and  wcaiiw 

For  Glniinj;  IJght  Opcninigs  in  Outside  Walls  where  same  are  subject 
to  atinck  by   lire   frum    wUliin   or  without 

For  (Haxin«  AH  Skylights,  unless  it  is  desirable  that  same  shall  be  brokcii 
by  cxccs*jive  hvat  fur  purpose  uf  outlet  for  smoke  or  llame. 

For  (Jlazing  All  Light  Opeiahngs  In  All  Interior  Fire-Relardini?  DiMit*, 
Fartitions.  and   uthcr  <:iil  oHTs,  especially  in  Elevator  and  Stair  Eiirlosures, 

Sftlid  Wire  Lflass,  made  by  th<?  cuntinuou*  process,  has  been  fully  appro\'ttI 
by  the  Nationa!  VUmni  of  Fire  Underwriters  after  exhaustive  tests  at  the  Under^ 
wnlcrs'  Lab- ratoritis        liti.of  tmitorm  excellence  and    exceptional   strength— 

unequalled   by  any  other  make^ 

Bur  !i«p\v  ]»fttt<*rri«  **CobwpTi** 
Wire  l;|}i^N,  piJK.*ieHHeB  retriMrkuMe 
(liil'iiHlv*^  t|tiallfy  rtiKl  extraordJ- 
fiiiry  ii»»isflr'!4frorijrth.  We  iruar- 
an  tee  it  aijrahiKi  breaku^e  in 
t.ran»<it  Hint  lufttalliitiou  for  ooe 
yoifcr. 


\AJY/A>. 


SOLID 

>  WIRE  GLASS 


PENNSYLVANIA  BITILDING 
PHILADELPHIA 


100  BROADWAY,  NEW  YORK 


1 


Increases 

Rent 

Values 

Fire  Barriers 
Affording  Light 
and  Ventilation 

Deereasen 

Fire 

Freraiums 


The  Voigtmann  Standard  ftutomatlc 

Cloainir  ind  Lockinff  Windows 

«    Specially 


The  VaieliDftnit  Adiuxtabl«  Wea! 
Guide  Windows.     Interior  Vf» 
Showing  Saah  Wetgtiti 


S.  H.  POMEROY  CO.,  inc. 

Successors    to     VOtGTMANN    &    GO.     OF     NEW  YORK 

Manufacturers  at  their  SpE?t.'l(tUles  under  Patents  In 

IMETALLIC    WTKDOW     FRAMES    AND    SASHl 

PDR  CARRYING  WIRE  AND  PLATE  GLASS 
Tested  aod  Approved  by  (he  Natiuna]  Board  ut  Fire  Underwriters' 


FACTORY  AND  OFFICE 
430  WEST    14th  STREKT  4-37  WEST  13th  STREET 

!r«jl.  771  Chelaea  NEW  YORK 


^/f^ 


Eeubliftlied 
1M8 


DAMP    KESISTINa    PAINT 

"TOGKOLITH/'    (Pafd)  A  cement  paini  for  priming  metal. 

Absulitlely  prevents  corrosion. 

No,   no  *'R.  I.  W/*     Acid,  alkali  and  water  proof.     Prevents 
electroivEic  corrosion  of  metaL 

No.   112  "R-  I.  W."      A    finishing   coat    for   structural    steel. 
Prevents  corrosion. 

•*R.  I.  W/'  Smoke  Stack  Paint.      For  all  hot  surfaces.     Stands 
heat  up  to  the  point  of  carbonisation. 

Wriie  for   "  The  Red  Book"   far   dciailed   infonnalhtt   concerning 
proteclive  coalings  and  speciaUies 

TOCH  BROTHERS 

MANUFACTURERS  OF 

TECHNICAL  AND  SCIENTIFIC  PAINTS 

320  FIFTH  AVE.,  NEW  YORK 

Work.  :  LONG  ISLAND  CITY,  N.  Y.,     TORONTO.     CANADA 

BOOKS    FOR    ARCHITECTS 

ARCHITECTURAL  ENGINEERING.  With  Rspctnal  Re(ereute  to  IliKh  liuild- 
in^  CoiistruLtiun^  mcludmg  Many  Examples  of  Frominciu  Dlfice  Huildings. 
By  Joseph  Kendall  Freiixig,  flS,,  C.E.,  Associate  Member  American 
Saetety  of  Civil  Engineers.  Second  Edition,  Rcwrillcti-  Bvij,  xiv  +  407 
jjagcsp   156  figurcik,   tutludEtig  hsilf- tones.      Cluth,  $3.50  (13.'-  nei|. 

THE   ORIElfTATION    OP    BUILDINGS    OR    PLANNING    FOR    SUNLIGHT, 

Hy  V\'3]liaiti   Ailc'tniun,  Fellivv  ..i'  Bnf^iJin  Society  of  Architects.     8vo,  xiii -f- 
ijy  pages,   74  figures,      Cluth,    $2.00  net   {'i;6  net) 

PRACTICAL  METHODS  OF   SEWAGE  DISPOSAL,      For  Residences,  Hotels 

and     Ijisiitutiirtis.      By    Henry    N.    Ojgdcn,    M.   Am.    Soc.    C  E.,    Professor, 
of  Sanitary  Engineering,   Cornell   University,  and   H,   Burdctl  Cleveland, 
Assoc.    M.  Am.  STu\  C. E.,   Principal   Assistant  Engineer,   New  Vork    State 
Department  of  Health.      8vo,   vi  +  i3a  pages,   5a  figures.     Cloth,   $1.50  net 

(6/6  net) 

BtrtLDIKG  STONES  AND  CLAYS:  Their  Origrin,  Characters  and  Examination. 
By  EdwJTj  C,  Eckel,  C  E  ,  Assiociatc,  Amcrir:an  Society  of  Civil  Ent^incers, 
Member^  Society  of  Chemical  Industry,  Fellow,  Geological  Society  of 
America.     Svo,    xiv-l-264  pjigts,    37  figures,     Clulh,   I3  co  net  ji3   6  nt;l). 

BUILPINO  STONES  AND  CLAT  PRODUCTS,  Bv  Heinrich  Ries,  Professor 
ui  K<:ijnomic  Ge-jluj^^y,    m    C"jrni.*ll    C  diversity  {?u   Pnss} 

INSPECTION  OF  THE  MATERIALS  AND  WORKMANSHIP  EMPLOYED  HJ 
CONSTRUCTION.  Third  Edition,  Thoroughly  Revised,  By  Austin  T. 
Byrne,     Civil     Enji^ineer;,     Auth-jr    uf    "Hip^hway     Construction,'^       i6mo, 

xvi-4-tw  pages.      Cloth,'  .f3.Qa  jU   6    net).    ' 


JOHN    WILEY    &    SONS 

43  East  Kiaeteentb  St,,  New  York 

London:   CHAPMAN    &    HALL,    Limited 

II 


ROLLING  STEEL  FIRE  DOORS 

ROLLING  STEEL   DOORS  FOR  FIRE 
PROTECTION  AND  FOR  ENCLOS- 
ING ROUND  HOUSES,  FREIGHT 
SHEDS,  STORE  FRONTS,  CAR 
BARNS,  ELEVATOR 
OPENINGS,  Etc. 


GvTH  Sheps,  Fobt  Ethan  Allen,  Et^DiPPKB  wrrn  Wilson's 

iNTERLtKTKING    STEEL    D0OH8 


MANUFACTURED   BY 


JAS.  G.  WILSON  MFG.  CO. 

3   AND  5  WEST   29th   STREET 

NEW   YORK 


real  Parquetry  Fl&of  for  the  bmJdJng  of  Fwepmof  r^u^^twn .  No 
Ruoring  but  a  wood  floor  is  ever  comfortable  to  walk  upon.  A  fine  office 
br  residence  that  basnut  Hardwood  Floors  is  a  cold  |>roposition. 

Steel  Woven  Flooring  has  stood  the  test  of  years  in  iSt.  Luke's  Hospifa], 
The  floor  in  the  Baltimore  Bar  Library'  was  flooded  for  forty-eight  hours 
during  tht  great  fire,  as  it  was  from  this  room  of  the  Court  House  that  the 
successful  stand  of  the  firefighters  was  made.  After  refinisbmg,  the  floor 
was  as  good  as  the  day  it  was  laid.  Several  carloads  were  laid  in  New 
Vork  Custom  House, 


Dg  two  tooPfJer  antl  wall  strips  w^ltli  hrldge  over  oompnesBton  space  aotl 
\  djovctalled  pieces  of  wood  to  whicb  burder  ettrlpa  are  tlKbty  u&lied. 


No  big  beams  are  inserted  in 
the  concrete.  No  sticking  of 
blocks  to  concrete  which  will 
swell  and  tear  loose  with  change 
of  season.  The  floor  lies  solidly 
of  its  own  weight.  In  case  of 
swelling,  owing  to  dampness,  or 
even  flooding  with  water*  the  floor 
swells  as  a  whole  and  takes  tip 
the  compression  space  in  the 
border.   1  f  the  floor  shrinks  again 


er  such  an  accidenl  the 
'blocks  .shrink  individually 
and  the  shrinkage  is  divided 
Up  so  many  times  that  no 
Cracks  are  seen.  In  extreme 
Cases  the  entire  floor  can  l>e 
Iceyed  up  from  the  com- 
pression spaces. 


Detail  of 
four  blockM 
show  lug  dtacd  weavt. 


i 

^B  Please  send  for  our  Hterature 

"        WOOD^MOSAIG  GO, 

Rochester,  N.  Y.  New  Albany,  Ind, 
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